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(57) Abstract 

The invention provides compounds of formula (I) or a pharmaceutically acceptable salt thereof, wherein [D] is the residue 
of a drug having a reactive functional group, said functional group being attached, directly or through a bridging group, via an 
oxygen-phosphorus bond to the phosphorus atom of the moiety (F); R, is Cj-Cg alkyl, Cg-Cio aryl or C7-C12 aralkyi; R2 is hy- 
drogen, Ci-Cg alkyl, C^-Cio aryl C4-C9 heteroaryl, C3-C7 cycloalkyl, C3-C7 cycloheteroalkyl or C7.C12 aralkyi; and R3 is se- 
lected from the group consisting of CpCg alkyl; Cj-Cg alkenyl having one or two double bonds; (C3.C7 cycloaIkyl)-CrH2r 
wherem r is zero, one, two or three, the cycloalkyl portion being unsubstituted or bearing 1 or 2 C1-C4 alkyl substituents on 
the ring portion; (Cg-Cio aryloxy)Ci-C8 alkyl; 2-, 3- or 4- pyridyl; and phenyl.CrH2r- wherein r is zero, one, two or three 
and phenyl is unsubstituted, or is substituted by 1 to 3 alkyl each having 1 to 4 carbon atoms, alkoxy having 1 to 4 carbon 
atoms, halo, trifluoromethyl, dialkylamino having 2 to 8 carbon atoms or alkanoylamino having 2 to 6 carbon atoms. The 
compounds are adapted for targered drug delivery, especially to the brain. 
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TARGETE D DRUG DELIVERY VIA 
PHOSPHONATR nRffp^TTVPfi 

FIELD OF THE INVENTION; 

The present invention relates to an anionic sequcstratitm type of 
drug modification designed to enhance delivery of the active drug species 
to the desired site of action, especiaUy to the brain. Mdce especially, the 
present invention relates to the discovery that a biolc^ically active 
compound coiqiled to a Upophilic carrier moiety of the acyloxyalkyl 
phosphonate type readily penetrates biological membranes such as the 
blood-brain barrier (BBB) and enters die target organ; cleavage of die 
phosphonate canier/drug entity in viva provides a hydrophilic, negatively 
charged intermediate which is "locked in" die brain or otiier organ and 
which provides significant and sustained delivery of die active drug 
species to the target organ. 



15 BACKGROUND OF THE INVirvy7f>^. 

The delivery of drug species to die brain and odier organs is often 
seriously Umited by transport and metabolism factors, including biological 
membranes; specifically, in die case of the brain, delivery is limits by 
the functional bairier of the endothelial brain capillary wall, Le. the 
20 blood-brain barrier or BBB. Site-specific and sustained deUvery of drugs 
to die brain or other organs, i.e. otgeted drug deKvery, is even more 
difficult 

Many drugs are hydrophilic and are unable to peneoate die biain 
to any considerable extent. Odier drugs which are lipophilic and/or for 

25 which particular transport mechanisms exist may be able to cross the 
BBB and reach die brain, but die very Iqxjphilicity which enables tiwir 
entry likewise facilitates dieir exit It is dius necessary to administer 
large doses of drugs to achieve adequate brain levels (if, indeed, such is 
even possible), and this in turn overbuntens non-targeted loci and results 

30 in significant toxiciQr. 



It is now well-taiown that numezous drugs exert their biological 
effects through centrally-mediated mechanisms. Thus, a brain-targeted 
approach is a desirable means of delivery for a wide diversity of drugs, 
including neurotransmitters, stimulants, dopaminergic agents, tranquilizers, 
antidepressants, narcotic analgesics, narcotic antagonists, sedatives, 
hypnotics, anestiietics, antiepiieptics/anticonvulsants, hormones such as the 
male and female xx hormones, peptides, anti-inflammatory steroids, non- 
steroidal anti-inflammatory agcnts/non-narcotic analgesics, memory 
enhancers, antibacterials/antibiotics, antineoplastics (anticancer/antitumor 
agents) and antiviral agents. 

In recent years, the need for more effective treatment of a number 
of viral disease states has become increasingly urgent. The generally 
poor therapeutic accessibility of viral infections can be traced to three 
major facets including the viral life cycle, the lack of efficacious 
pharmacologically-active agents and, finally, the inability to deliver those 
agents which are available to the central nervous system (CNS) for 
sustained periods and in significant amounts. 

Viruses ait submicroscopic pathogens which depend on tiie cellular 
nucleic acid and protein synthesizing mechanisms of its host for 
propagation. In general, viruses invade cells by first interacting at a 
recognizable surface protein, penetrating the cell membrane and 
subsequentiy releasing themselves from a protective polypeptide coat to 
eject the core of the virus. The hean of these pathogens is genetic 
material, either DNA or RNA, and the type of nucleic acid gives rise to 
the system of nomenclature for these entities. The viral DNA and RNA 
can interact with cellular components to produce daughter genetic material 
as well as various structural or enzymatic proteins. After assembly and 
release, the viral progeny may infect odier cells, yielding disease or 
ultimately death. 

DNA viruses are subdivided into five families and include the 
pathogens responsible for labial and genital herpes, herpes encephalitis, 
human cytomegalovirus infection, chicken pox, shingles and mononu- 
cleosis. RNA viruses are present in more numerous forms and are 
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subdivided into ten families. These viruses are unusual in that they 
reverse the usual DNA -* RNA protein sequence which occurs in highi 
life forms. RNA viruses are unusually dangerous for several reasons, 
including their lethality and the lack of effective treatments. RNA viral 
5 diseases include acquired immune deficiency syndnime, hemorrhagic 

fevers of various descriptions. Dengue fever,. Lassa fever, and numerous 
encephalidc maladies including Japanese B encephalitis. 

Chemothenq)eurically, very few antiviral agents have been 
developed that have high in vitro activity against these viruses. One 
10 notable advance in the field was the advent of ribavirin or 1-p-D- 

ribofuranosyl-l,2,4-tria2ole-3-carboxamide, synthesized in 1972. Ribavirin 
has a broad range of activity against both DNA and RNA viruses. This 
riboside, which contains an unnatural thazoki base, significantly 
suppresses the infcctivity and cytopadiicity of several viral pathogens by 
15 mechanisms which are as of yet unclear. Several interactions have been 
suggested including inhibition of viral RNA polymerase, die inhibition of 
inosine monophosphate dehydrogenase by ribavirin anabolites and 
interference of mRNA c^ formation by die 5'-triphosphate of ribavirin. 
Ribavirin is active against several influenza viruses and respiratoiy 
20 syncytial virus and as such is used in an aerosol form to treat these 
diseases. Ribavirin is also used in the treatment of Lassa fever which 
rages in epidemic proportions in Sierra Leone. Unfortunately, while 
peripheral viral infections can be successfiilly treated with ribavirin and 
other riboside derivatives, encephalitis is immune to the acticm of these 
25 drugs. The inability of antiviral drugs, which are highly potent a vitro. 
to exen activity in the CNS is attributable to their exclusion ftom the 
brain. The basis of this inq)ermeability is the blood-brain hairier (BBB), 
which effectively sepanues tiie systemic circulation from die brain 
parenchyma. As diis barrier is lipoidal in nature, die BBB restricts die 
30 entry of materials which do not have high afBnity for die phospholipid 

matrix and consequentiy hydrophilic compounds are excluded. Thus, drug 
molecules must be intrinsically lipt^hilic if tiiey are to gain access to die 
CNS. This is the restriction which renders ribavirin, which has a log P 



of only 2.06, ineffective in treating viral diseases of the brain. 

Many antiherpetic agents exhibit poor penetration across biological 
barriers such as the BBB and the ocular and skin baiiicrs^ achieving 
concentrations well below therapeutic levels. Improved delivery of an 
antiherpetic agent across these barriers would offer a significant advantage 
in the treatment of such serious and debilitating diseases as encephalitis, 
ophthalmic infections caused by herpes simplex such as herpetic uveites, 
keratitis etc. and Gutaneous herpes infections such as genital and orofacial 
herpes. 

Vidarabine (9-p-D-arabinofuranosyladenine, Ara-A, adenine 
arabinoside) is a purine nucleoside analog with a broad spectrum of 
antiviral activity against a number of DNA viruses, including HSV-1 and 
2, cytomegalovirus and varicella zoster virus. The drug has been shown 
useful in the treatment of brain biopsy-proven herpes simplex encephalitis 
(HSE), resulting in a statistically significant reduction in mortality. Ara- 
A has demonstra^d clinical utility as a topical agent for herpes keratitis 
of tiie eye. However, when applied locally to the skin, vidarabine has 
provided no benefit in genital or orafacial HSV infection. In 
immunocompromised patients with localized herpes zoster, Ara-A has 
demonstrated a beneficial effect in accelerating cutaneous healing and 
decreasing the rate of cutaneous dissemination. 

The essential mechanism of inhibition of viral replication by 
vidarabine, although not precisely defined, appears to be a consequence of 
die incorporation of the drug intt> viral DNA. To exen its antiviral 
action, vidarabihe must first be phosphorylated by cellular enzymes to the 
triphosphate, widch coixq)etitively inhibits HSV DNA polymerase. Some 
investigatt>rs have foimd that the viral DNA polymerase activity is more 
sensitive to inhiMtion than that of cellular DNA polymerases, an 
observation that could explain some of die selective toxicity of the dmg 
and its dose-related toxicity. Vidarabine triphosphate is incorporated into 
both cellular and viral DNA, where it may act as a chain terminator for 
newly symhesized HS V nucleic acid. 

De^pjjp^ its^prp^B^ efBcacy, Ara-A does suffer from a trnmiber of 
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limitations, including low lipophiliciiy as evidenced by a negative log P 
(ocianol/waier), which results in a failure to be adequately transported 
across biological membranes. 

Herpes simplex virus is a causative factor for encephalitis. Its 
involvement in the CNS represents the most common cause of 
nonepidemic fatal encephalitis in the United States. An estimated 1,000 
to 5,000 cases occur each year in the U.S., witii deatij in over one half of 
those who are untreated. Herpes simplex virus type 2 causes encephalitis 
in patients widi thymic dypiasia and other severe immunodeficiency states. 
EncephaUtis also is a common opportunistic infection associated witii 
AIDS. 

The acute severe encephalitis due to herpes simplex type 1 in 
humans may represent a primary infection, a reinfection or an activation 
of latent infection. The primary mode of viral transport into the CNS has 
15 not been clearly estabUshed. However, it has been shown tiiat foUowing 
extraneural inoculation, the virus gained access to tiie CNS by both 
hematogenous and neural padiways. The neural pathway of transport in 
man is supported by tiie fact tiuit die virus can be isolated fiom explants 
of both trigeminal ganglia in die majority of routine autopsus. 

Herpes simplex encephalitis is die most common cause of sporadic 
fatal encephalitis. Both die high mortaHty rate and the risk of severe 
sequelae in the survivor have prompted attempts at therapy widi antiviral 
compounds. In order for die antiencephalitic agent to exert its effect, it 
is necessary for die drug to be present in die CNS where die virus is 
25 lodged, at an optimum concentration and for a sufiBcient period of time. 

Maintaining a dierapeutic level of die drug over a prolonged period at die 
site of action is essential in optimal reduction of viial concentrations. 
Resistance of virus in die brain after treaonent has been reported in 
ahnost aU of die cases snidied so far. Only very rarely has total 
30 remission been achieved. 

The main reason for die lade of successful treatment is die 
inefficient mediod of drug deUvery to die brain, die major isipediment to 
drug deUvery to die brain being die blood-brain barrier. Antiviral agents 



20 



such us iododeoxyuridine and vidarabine exhibit little acdvity and high 
toxicity in the treatment of encephalitis. This is piimaiily due to their 
inability to cross the blood-brain barrier at optimum concentrations. In 
the case of other antivirals such as acyclovir, drug resistance has been 
observed. To overcome such problems, a new family of fluorinated 
nucleoside analogs has been synthesized. This family includes l-(2'- 
deoxy-2'-fluoro-(5-D-arabinofuranosyl) derivatives of 5-methyluxacil 
(FMAU), 5-iodocytosine (FIAC) and 5-iodouracil (FIAU). FIAII is a 
metabolite of FIAC. These compounds have been shown to display 
significant antiviral activity against herpes virases in vitro and in some in 
vivo experiments. The mechanism of antiviral activity depends in part on 
the phosphorylation of these agents by viral-specified thymidine kinase. 
These agents are rapidly taken up and phosphorylatcd only to the 5'- 
monophosphate in HSV-infected ceils; the monophosphates arc presumably 
further phosphorylaied by cellular enzymes to the corresponding 
triphosphates. Phosphorylation of these agents by the virus-coded 
thymidine kinase is much better than by the cellular enzymes. These 
antiviral agents are incorporated into termini and intemucleoside linkages 
of viral DNA much rnore than into the DNA of uiunfected cells. Since 
maximum selectivity would improve the therapeutic potential of any new 
antiviral drag, relatively low toxicity with normal cells is mandatory. The 
low cytotoxicity exhibited by these agents with uninfected cells indicate 
selectivity of action. 

Although these nucleoside analogs exhibit high selectivity toward 
viral cells, they are quite polar and therefore their ability to penetrate the 
BBB is gready minimized. They must be administered in high doses to 
attain an e^ctive level in the brain, resulting in severely toxic side- 
effects. For example, FMAU, considered the most potent antiviral agent 
of its class (then^atic index greater than 3,000) in treating encephalitis, 
produces irreversible neurological damage at doses peater than 32 mg; 
other side effects include diarrhea, nausea and blood count depression. 
High doses of FIAU have resulted in cardiac fibrosis, myelosuppression 
and lymphoid depletion. In the case of FIAC and FMAU, significant 



reduction in body weight or death has also been noted at higher doses. 
Further, sustained therapeutic levels have not been achieved, even at these 
higher doses. 

It is known that FIAC is metabolized extensively in vivo and that 
its metabolites retain their antiviral activity in cell culture. The major 
metabolites of FIAC include the deaminaiBd .species FIAU, die 
deiodinaffid species 2'-fluoroarbinosyicytosine (FAC) and 2'- 
fluoroarabinosyluracil (FAU) and their glucuionides. Two metabolites of 
FMAU have been isolated fhmi the urine of mice. These include 2'- 
fluoro-S-hydroxymediylaiabinosyluracil (FHMAU) and a glucuionide of 
FMAU. FMAU, FIAU and FIAC have been found to exhibit more potent 
antiviral activity tiuui acyclovir. The metabolites of these compounds, 
even though potent inhibitors of HSV-2 in ceU cultures, are essentially 
devoid of antiviral activity in vivo in die encephalitis model. This 
dichotomy between in vitro activity and Ja vivo activity suggests tiiat 
these agents do not cross the BBB in sufficient concentraticHi to exen 
activity. 

(E)-5-(2-bromovinyl)deoxyuridine (BVDU) is also a polar antiviral 
agent effective against encephalitis caused by herpes zoster virus and 
HSV-1. This agent crosses the BBB in low levels (mly at veiy high 
concentrations; as a result, it has been shown to induce sister chromatid 
exchange. Other side-e£f«:ts include B>xicity to liver, bone manow 
function and gonads. 

Dihydroxypropoxymetiiyigaunine (DHPG) belongs to the same 
class of antivual agents as acyclovir. However, DHPG has been shown 
to be at least 100-fold more effective dian acyclovir in die treatment of 
encephalitis Jn vitro and in vivo . DHPG is more efEicientiy 
phosphorylated in infected cells than is acyclovir. As with acyclovir, 
herpes virus-specific thymidine kinase phosphorylates DHPG to its 
monophosphate, which is further phosphorylated to its di- and triphosphate 
by cellular guanylate kinase and other cellular enzymes, respectively. 
However, DHPG is transported to die brain only at high doses, which in 
turn produce high plasma levels of die drug which exert cytotoxic e^ts 



on noimai humait myeloid ceils. Studies have shown diat acyclovir 
crosses the BBB poorly, and at higher doses causes problems such as 
renal blockage. 

Human cytomegalovirus (HCM V) is a virus of the herpes group 
which includes herpes simplex I and n, Epstein-Barr vims, and varicella 
zoster virus. In Common with the other members of its group, infection 
with HCMV leads to a latent state in which the viral genome becomes 
incorporated in the host DNA, and in which recurrent infections are 
common. Viral infection with HCMV is quite widespread, with 
approximately 50% of Americans showing seropositivity by age 30. In 
the majority of cases the virus does not cause an oven disease state, but 
can be detected through serological and other laboratory procedures in 
otherwise healthy individuals. In the absence of complicating factors, 
exposure to the virus can result in a clinical presentation ranging jfrom 
asymptomatic serpconversion to a disease state resembling infectious 
mononucleosis. 

In contrast to viral infection in normal adults, HCMV in the fetus 
or neonate can result in severe clinical manifestations. The virus in these 
cases is acquired congenitally, often from asymptomatic mothers. The 
virus has been said to be the single most frequent cause of viral 
infections in newborns. The occunence of HCMV in neonates is from 
0.5% to 4% of all live births, but only 10% to 20% of these will have 
clinical manifestations of cytomegalic disease, which mainly involve the 
CNS and which can result in permanent, debilitating brain damage or 
auditory degeneration. 

When the I^ost immune system is suppressed, HCMV becomes a 
much more serious infective agent In this state, a latent HCMV 
infection may recur, or a primary infection may be unusually severe. 
Lmnunosuppressioh can occur in several circunsstances, for example, 
during use of immunosuppressive drugs, such as carticosteroids, 
azathioprine, and thymocyte inunune globulin which are given to prevent 
rejection of a transplanted organ when a patient has undingone organ 
transplant surgpry. Along with other complications, cytomegalic disease 



is a common and sometimes especially serious problem which can follow 
successful kidney, bone marrow, and heait transplantation. The 
manifestadons of cytomegalic disease following transplant surgeiy can 
include, but are not limited to, rednids and pneumonitis. Another 
pardculariy serious complicadon occurring during immunosuppressive 
therapy is Kaposi's sarcoma (KS). A strong conrelarion is known to exist 
between KS and HCMV, to the extent that it has been postulated diat 
HCMV causes KS, anatogously to the relationship between Epstein-Barr 
virus and Burkitt's lymphoma. However, a causal role fior the vims has 
not been definitively established. 

An immunosupptessed state is the hallmark of acquired 
immunodeficiency syndrome (AIDS), and HCMV has been shown to have 
an extraordinary prevalence in diis population, approaching 94%. in 
addition, cytomegalic disease and its conq>licati(ms are among the prixnary 
causes of much of the suffering firom AIDS as well as a major factor 
causing deadi. HCMV is known to result in a suppression of cell- 
mediated immunity duough depression of levels of T-helper cells widi an 
increase in suppressor/cytotoxic T-cells. Before die discovery of human 
immunodeficiency virus (HIV), die list of candidates for die cause of 
AIDS included HCMV. The consequences of HCMV infection in AIDS 
are manifold, with neural and especially ocular involvement being 
predominant. Ocular involvement is presented as a hemoniiagic retinitis, 
first evidenced by blurring of vision. This retinitis is so common diat it 
has been proposed that it be the primary diagnostic evidence for the 
presence of AIDS. Neural involvement resulting in viral encephalitis is 
also common and presents itself post-mortem in die microglial nodules 
which are typical of HCMV infection. In AIDS, dus neural involvement 
is concomitant widi HIV infection of die CNS, often manifesting as 
subacute encephalopathy. 

An antiviral agent which has shown pnxnise in die treatment of 
HCMV infections in immunosuppressed states is DHPG. As mentioned 
{«bove, DHPG is structurally sinular to acyclovir (ACV), a safe and 
efficacious antihorpetic agent. The primary mechanism of DHPG action 
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against CMV is inhibition of the replication of viral DNA by DHPG- 
triphosphate. This inhibition includes a selective and potent inhibition of 
the viral DNA polymerase. Since HCMV does not encode a virus- 
specific thymidine kinase, phosphorylation of DHPG is presumably 
accomplished by the host-cell enzymes, pnnuirily various nucleoside 
kinases, which have been shown to be elevated in HCMV-infected cells. 
The markedly increased activity of DHPG towaxd CMV compared with 
ACV appears to be due in pan to the efficient intracellular metabolism of 
DHPG to its mono and triphosphate in CMV-infectcd cells. The relative 
in vitro acriviries, as measured by the IC50 values of DHPG vs ACV are 
of the same order against herpes simplex virus (HSV), namely 0.2 to 0.8 
fiM. However, against HCMV the IC50 DHPG is approximately 2.5 
|iM. Thus, DHPG has significant activity against HCMV in vitro . These 
promising results have been extended in animal models as well as in 
clinical trials. 

As mentioned above, one of the first clinical signs of AIDS 
infection is a retinitis which is caused by HCMV. One of the most 
dramatic recent clinical demonstrations of antiviral activity has been in a 
smdy of the effects of intravenous DHPG in AIDS patients who were 
suffering from progressive blindness caused by cytomegalic infection of 
the retina. In these patients, not only did viral titers drop to an 
unobservablc level, but clinically observable improvement in sight was 
achieved. In other studies, significant improvement in other areas of 
cytomegalic infection was shown. These included improvement in the 
cytomegalic pneumonitis and encephalitis, as well as gastrointestinal 
infections. 

DHPG, obviously, has very high intrinsic activity but, as with most 
useful drugs, has a number of inherent undesirable properties as well. 
Problems with the aqueous solubility of the compound (5.1 mg/mL at 
37*^0 necessitate the use of die sodium salt for the intravenous 
administration of the drug. This induces pain or phlebitis at the infusion 
site, since the pH of the solution is about 11. In humans, oral 
bioavailability of DHPG is only 3-4.6% based on urinary excretion, with 
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99% of the drug being excreted unchanged by the kidneys. The 
pharmacokinetic disposition of intravenous DHPG in humans is similar to 
that observed in rats and dogs, with the finding of a biphasic elimination 
with an a-phase half-life of 0.23 hours and a P-phase of 2.53 hours. 
These values are quite similar to those for acyclovir, and show that 
repeated dosing is necessary to maintain effective plasma concentration. 
Neutropenia is the most frequent dose-dependent toxicity associated with 
DHPG therapy. 

DHPG is a hydroxymedjyl analog of acyclovir and consequendy is 
more polar and is expected to pass diiough riie blood brain barrier (BBB) 
even less readily. In rodent models, it has been shown that acyclovir 
distributes into most organs, with the highest levels found in renal tissue 
and the lowest levels found in brain tissue. Pharmacokinetic studies of 
DHPG in die rat and dog have demonstrated behaviour similar to 
15 acyclovir. Human pharmacokinetics of intravenous DHPG indicate 

cerebrospinal fluid (CSF) concentrations equivalent to 24% to 67% of 
plasma concentrations. However, since CSF levels may reflect transport 
tiirough the choroid plexus, some urwertainty regarding specific brain 
levels of DHPG exists. Regardless of the efficiency with which DHPG 
crosses the BBB, however, it is to be expected tiuit it tnay leave the CNS 
by the same mechanism widi equal facility. In view of die significant 
role played by CMV in AIDS patients widi severe neurologic 
complications, and the possibiUty that CMV could create a reservoir of 
penistent infection of die CNS even if peripheral clearance were realized, 
25 there exists a rationale for identifying antiviral drugs that can penetrate 
the BBB and accumulate in die brain, thereby providing a sustained 
release of the antiviral to maintain a therapeutically effective 
concentration. 

Acquired immune deficiency syndrome (AIDS) was first described 
30 as a distinct clinical entity in 1981. As of October 1989, 110,000 cases 
of AIDS, as defined by die Center for Disease Connol (CDQ, have been 
diagnosed and 65,000 people have died fiom die disease. TTiis insidious 
and pernicious malady has a 2-3 year fataUty rate of almost 100% and is 
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expected to soitoe between 135,000 and 270,000 people by 1991 alone. 
AIDS is now the leading cause of premature mortality in a number of 
areas and in several subpopulations in the US; by 1991, it is expected to 
be a major killer. In other areas of the world, a similarly grim picture is 
developing. In eennral Africa, where the AIDS pathogen evolved, the 
disease is endemic and in several locations the increase in incidence of 
infection exceeds 0.75% of the total population per year. AIDS is caused 
by a retrovirus related to the ientivirinae family and has been designated 
human immunodeficiency virus (HTV-l). This pathogen selectively infects 
lymphocytes bearing a T4 surface antigen. These helper/inducer T-cells 
are responsible for containing and eliminating various types of infection 
including those precipitated by Pneumocvstis carinii. Toxoplasma gondii , 
Crvptococcus necrfbmians , Candida albicans. Mycobacterium avium- 
intracellular and others. The destruction of cellular immunity induced by 
HIV-1 causes the normally benign infections resulting from the above- 
mentioned pathogens to run more fulxxiinate courses. These oppormnistic 
infections are generally the causes of death in patients with AIDS. 

Early in the course of the AIDS epidemiCt clinicians noted that 
patients were depress and initially this was attributed to a normal 
psychological response to learning that one had a terminal disease. Later, 
however, it was realized that cognitive impairment and deoientia were 
associated with AIDS. These CNS-associated symptoms of AIDS are 
now well-recognized and affect 40% of all AIDS patients at some point 
in the course of the disease. 

In AIDS, ttie CNS, like the periphery^ is susceptible to 
opportunistic infections and unusual neoplasms. Several of these have 
been identified, including cerebral toxoplasmosis, cryptococcal infection, 
candidiasis, cerebral tuberculosis, progres^ve multifocal leuko- 
encephalopathyi (Cytomegalovirus encephalitis and primary brain 
lymphomas. Intelrestin^y, these occur in less than 30% of neurologically- 
impaired AIDS jiguients. In addition, symptoms caused by these 
pathogens are gi^erally focal in nature and are expressed as seizures. In 
the majority of AIDS patients, neuropsychiatric changes axe characterized 
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as an insidious, progressive dementia related to diffuse parenchymal biain 
dysfunction. Eariy symptoms of this disease include impaired cognitive, 
motor and behavior fiinctknis, including the inability to concentrate, 
difficulty in recalling recent events, losing one's train of diought in 
midsentence and general mental slowing. Motor impairments include leg 
weakness and problems in proprioception. Behaviondly, victims become 
apatiietic, wididnwn and distnuight Later syoqitoms include global 
cognitive dysfunction widi psychomotor retardation. Victims are autistic, 
mute, letiiaxgic and quiedy confused. Patients manifest urinary and fecal 
incontinence and may be afflicted by painful peripheral neuropatiiies 
including burning sensations or numbness. Neurohistopatiiologically, the 
picnire is even worse. While only 40% of AIDS patients are recognized 
as demonstrating brain dysfunction, 80-95% of the brains from AIDS 
patients are abnotmai at autopsy. Gross changes include decreased brain 
weight and general cerebral atrophy. HistopatiiologicaUy. several unique 
abnormaUties are consistendy seen in demented AIDS patients. Most of 
these are white matter changes and include a dif&se pallor, perivascular 
and parenchymal sites diat contain lymphocytic and macrophage infilttaies 
and vacuolation. CHher changes include the presence of miaoglial 
nodules whic infect bodi gray and white matter and bizane giant 
multinucleated cells. Hie presence and number of dwse cells which 
contain HIV-1 virons give excellent correlation witii die severity of the 
dementia. The agent responsible for subacute encephalitis, also known as 
AIDS encephalopatiiy, has been shown to be HIV-1. Several diiea and 
indirect lines of evidence support this etiology. 

This central infection will have a detrimental impact on possible 
therapies directed at AIDS. Hie CSS is protected by die BBB and is not 
drained by die lymphatic system, making it an excellent location for 
eluding die immune system. If, dierefbre, agents are found diat 
reconstimte the immune system, peripteral manifestation of AIDS, 
including many opportunistic infections, can be cured but die cenoal 
infection will persist The result of dus could be a physfcally healdiy but 
severely demented individual. In addition, host-cell icstriction. It. partial 
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expression of the viral genome, may cause viral latency in the CNS for 
many years. Also, once proviral DNA is incorporated, the only hope of 
containing the disease is by preventing the spread of further cellular 
infection. This in^lies, based on active in vitro doses, that for antiviral 
therapies to be effective, agents must pass the BBB and achieve relatively 
high sustdned levels in neural tissue. The neurotropic nature of HIV-1 
and the fact that the brain probably acts as a viral reservoir makes 
implementing the preceding statement in^>erative. Of agents presentiy 
available, azidothymidine (also known as zidovudine or AZTT) has been 
clinically shown to be the most useful in mitigating the effects of the 
AIDS virus. AZT inhibits retroviral transcriptase, the enzyme responsible 
for initiating viral replication. 

AZT has b^en shown to improve the immunological picture in 
AIDS patients. In various clinical studies, T-cell lymphocytes (T4*) were 
shown to increase in number, opporturustic infections spontaneously 
disappeared, and patients gained weight due to increased appetite. Also, 
fever subsided and skm hypersensitivity returned At high doses of AZT, 
viremia disappeared and T-cell function was restored. The bioavailability 
is about 60%. The drug is generally well-tolerated, but several untoward 
side effects occuxred, including headache and abdominal discomfon. The 
most severe side effect was anemia, which proved to be dose-lintiting in 
several cases. AZT has been used in large clinical trials, the results of 
which are very exciting. In a double blind smdy, 16 out of 137 died in 
the placebo group while only one patient out of 145 died in the AZT 
treatment group (250 mg/4 hrs). T4* lymphocytes were higher in the 
treated group and fewer opportunistic infections occurred. As before, a 
reversible bone marrow depression resulting in granulocytopenia, 
thrombocytopenia, etc., was observed. Recentiy, dideoxyinosine has also 
been shown to be effective in reducing the cytopathicity and infectivity of 
HIV in vivo. The effect of AZT on the neurological manifestation of 
AIDS has been reported by Yarchoan et al, LanceL i, 132 (1987). In a 
series of four case reports, AZT was shown to improve immunological 
and neurologic functioning. T4* cells increased in number, motor 
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symptoms improved, gait became less ataxic and muscle strength returned. 
Attention span increased in one case and verbal skills in^ved. 
Unfonunately, when the drug was stopped in cases of anemia, all 
improvements disappeared and mental function declined. This initial 
5 report indicated that AZT can at least partially reverse neurological 

dysfunction. The authors noted at the end of the paper diat "even modest 
enhancement of BBB penetration might have very inqxntant clinical 
consequences". 

These Umited improvements in neurological symptomatology are 
10 consistent with the similarly limited ability of AZT to pass into the CSR 
Unfortunately, CSF levels of a drug may be a poor indication of brain 
tissue levels. Several studies have shown tiiat the correlation between 
CSF and parenchyma concentrations are not necessarily significant. In 
general, potar compounds such as AZT are the most deceptive in this 
15 respect. The reason for this is Uiat if a hydrophilic compound is taken up 
primarily via an unprotecied area like die choroid plexus, delectable 
concentrations may indeed reach the CSF but the compound may not 
partition into the lipoidal brain parenchyma and as a result may be 
restricted to the CSF. This would be manifested by apparentiy adequate 
AZT levels as measured by CSF sampling but inadequate levels in brain 
tissue where the drug is needed. This assumption has been borne out in 
a recent paper by Terasaki et al, 1, Igf, Dis,, i58, 630 (1988). In it, tiie 
BBB penetration of AZT was shown to be very low, close to tiie uptake 
of sucrose, a vascular marker. The high concentrations of AZT found in 
25 CSF are presumably due to active transport of AZT at die choroid plexus 
via the tfiymidine pump. Again, these CSF levels represent AZT which 
is not in equiUbrium with the brain interstitial fluid and therefore is not 
accessible to infected sites. It is clear that high levels of AZT are 
required to provide even marginal improvement in AIDS encephalopatiiy 
30 and that these doses are peripherally toxic. 

The previous discussion has indicated that die AIDS virus is 
neurotropic and Uiat tire resulting brain infection by diis patiiogen is 
disastrous. Various agents have been identified which inhibit infection 
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and abolish cytopathology in the AIDS virus. In some instances these 
compounds, like JhZT, pass the BBB and achieve quandtadve levels in 
CSF. Clinical results suggest, however, that high sustained drug levels, 
i.e. those that ap|iroach in vitro inhibitory concentrations, are required in 
the brain. Importantly, CSF levels do not reflect brain tissue 
concentration of AZT. Unfonunately, sin?)!^ increasing the dose 
proportionally to achieve these ends increases blood concentrations and 
leads to various dose-related toxicities. Anemia has proved to be dose- 
limiting in many pases with ACT. Increasing brain levels of the 
nucleoside is possible by administering lipophilic esters of ACT leading to 
an increase, in brain concentration of the nucleoside. These prodrugs are, 
however, not optimized in terms of pharmacokinetics and tissue 
distribution . Thus, while it is true that by increasing the lipophilicity of 
ACT, the drug wiU more easily pass the BBB and enter the CNS, the 
increased lipophilicity will increase the distribution of the con^und in 
general, leading to an even greater tissue burden in all locations. This 
has ramifications in terms of peripheral toxicity such as anemia, i.e. a bad 
situation is made even worse. The other major drawback of simply 
increasing the lipophilicity of ACT is that while influx to the CNS is 
increased, the efflux is also greater, with the result being poor retention in 
the CNS and a therapeutically insufficient biological half-life. These two 
objections to simple antiviral prodrugs, namely: 1) increased tissue 
burden with Uttie msue s^ and 2) poor CNS retention, point to 
the need for a more sophisticated approach, i.e« a chemical delivery 
system for brain-p-getcd drug delivery. 

A dihydropyridine 4-^ pyridinium salt redox carrier system has 
recentiy been successfully applied to brain-targeted delivery of a variety 
of drug species. Gener^y speaking, according to that system, a 
(Uhydropyridine carrier moiety is covalendy bonded to a biologically 
active compound, which derivative can enter the CNS through the blood- 
brain barrio following its systemic administration. Subsequent oxidation 
of the dihydropyridine species to the corresponding pyridinium salt leads 
to delivery of the drug to the brain. 
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More specifically, the redox carrier system provides for biain- 
targeted drug delivery by means of carrier-drags, which in their reduced 
form, which is the fonn intended" for administration, can be represented 
by the formula 

[D-DHq 

wherein [D] is a centrally acting drag species and [DHq is the reduced, 
biooxidizable, blood-brain barrier penetrating, lipoidal form of a 
dihydropyridine «-> pyridinium salt redox earner. In their oxidized fonn, 
which is the fonn "locked" in die brain from which the active drag is 
ultimately released, the canier-drags can be represented by die fonnula 

[D-QC]* X- 

wherein is die anion of a non-toxic pharmaceurically acceptable acid. 

[D] is a centrally acting drag species and [QQ* is die hydrophilic, 

positively charged ionic pyridinium salt fonn of a dihydropyridine <-> 

pyridinium salt redox carrier. 

Various aspects of the redox earner system have been described in 

detail in Bodor United States Patent No. 4,479,932, issued October 30, 

1984; Bodor United States Patent No. 4,540,564, issued September 10. 

1985: Bodor et al United States Patent No. 4,617.298, issued October 14, 

1986; UNIVERSITY OF FLORIDA'S International Application No. 

PCT/US83/00725, published under International Publication No. 

WO83/03968 on November 24. 1983; Bodor United States Patent No. 
4,727.079, issued Febniary 23, 1988; Bodor United States Patent No. 
4,824,850, issued April 25, 1989; Bodor United States Patent No. 
4,829,070, issued May 9, 1989; Anderson et al United States Patent No. 
4,863,911, issued September 5, 1989; Bodor United States Patent No. 
4,880,816, issued November 14, 1989; Bodor United States Patent No. 
4,880,921. issued November 14, 1989; Bodor United Stales Patent No. 
4,900,837, issued Febniaiy 13, 1990; UNIVERSITY OF FLORIDA'S 
European Patent AppUcation No. 88312016.4, published under European 
PubUcation No. 0327766 on August 16, 1989; UNIVERSITY OF 
FLORIDA'S European Patent Application No. 89302719.3, published 
under European PubUcation No. 0335545 on October 4. 1989; and 
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numerous related publicarions. Among the icdox cairicr-drugs provided 
by the earlier chemical delivery system arc dihydropyiidine/pyridinium salt 
derivatives of dopamine, testosterone, phenytoin, GABA, valproic acid, 
tyrosine, methicillin, oxacillin, benzylpenicillin, cloxacillin, dicloxaciilin, 
desipramine, acyclovir, trifluorothymidine, zidovudine, hydroxy-CCNU, 
chlorambucil* tryptamine, dexamethasone, hydrocortisone, ethinyl estradiol, 
norethindrone, estradiol, ethisterone, norgestrcl, estrone, estradiol 3-methyl 
ether, estradiol benzoate, norcthynodrcl, mestranol, indomethacin, 
naproxen, FENU, HENU, 5-FU and many others. 

The dihydropyridine redox carrier system has achieved remarkable 
success in targeting drugs to the brain in laboratory tests. Unfortunately, 
the dihydropyridine-containing derivatives suffer from stability problems, 
since even in the dry state they are very sensitive to oxidation as well as 
to water addition. Such problems have significantiy complicated attempts 
to commercialize the system. Thus, a different carrier approach to brain- 
targeted drug delivery which would not include the inherently unstable 
dihydropyridine system would be desirable. 

A phosphonate derivative of the antiviral agent DHPG has been 

described previously by Prisbe et al, L Med Chem. 1986. 29, 671-675. 

O 
II 

That compound, in which a -P(OH)2 is dircctiy attached via to 
phosphorus-carbon bond to the antiviral drug, is structurally distinct from 
the phosphonate esters to which the present invention relates. Prisbe et 
al's phosphonate, unlike DHPG, was not active against herpes simplex 
virus types 1 and 2; however, it was reported to show moderate activity 
against HCMV in tissue culture. 



SUMMARY OF THE INVENTION; 

The present invention provides novel phosphonate dmvatives, 
adapted for targeted drug delivery, which have the formula 
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O 
II 

[I^P 



R2 O 
I II 
CX31-OCR, 



a) 



5 wherein {D] is the residue of a drug having a reactive functional group, 
said functional group being attached, diiectiy or through a bridging group, 
via an oxygen-phosphorus bond to the phosphorus atom of the 



10 J 



Ri O 
I II 
g ^OCH-OCR, 



R. 



moiety; R, is C,-C, alkyl, Q-Cjo aryl or Q-C,, aralkyl; Rj is hydrogen. 
C,-C, aikyl, Q-C,o aryl, C4-Q heteroaryl, Q-C, cycloalkyl, C-C, 
cycloheteroaUcyl or Q-C^ aralkyl; and R, is selected from the group 
consisting of C,-C, alkyl; Q-C, alkenyl having one or two double bonds; 
(C,-C, cycloalkyl)-C^2r- wherein r is zero, one, two or three, the 
cycloalkyl portion being unsubstituted or bearing 1 or 2 Q-C, alkyl 
substituents on the ring portion; (C;-C,o aryk)xy)C,-C, alkyl; 
phenoxymeihyl; 2-, 3- or 4-pyridyl; and phenyl-QHa,- wherein r is zero, 
one, two or three and phenyl is unsubstimted or is substimted by 1 to 3 
alkyl each having 1 to 4 carbon atoms, alkoxy having 1 to 4 carbon 
atoms, halo, trifluorometiiyl, dialkylamino having 2 to 8 carbon atoms or 
alkanoyiamino having 2 to 6 carbon atoms. 

The invention furtiier provides a generic method for target- 
enhanced delivery to the brain and other organs of a wide variety of drug 
species via the bidirectional transport of die drug species into and out of 
die organ by anionic sequestration via novel phosphonate derivatives. 
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DETAILED DESCRIPTION OF THE I^fVENnON: 

In a pr^nied aspect, the jnesent invention provides novel 
phosphonate deiivanves of hydroxy-containing drugs, which derivatives 
have the formiUt 



20 



11 

D-O-P 



Ri O 
I II 

O ^ OCH-OCR, (la) 



wherein D-O- is the residue of a drug having a reactive hydioxyl 
10 funcdonal group, the oxygen atom of said funcdonal group being bonded 
to the phosphorus atom of the 



.OCH-OCRj 

15 ^Ri 

moiety, axui wherein Ri, R2 and are as defined with formula (I). 

In another aspect, the present invendon provides novel phosphonate 
derivatives of mexcapto-containing drugs, which derivatives have the 
formula 



D^'P:^ (lb) 
R. 



25 



wherein D-S- is the xesidne of a drug having a reactive mercapto 
funcdonal groiq), the sd&r atom of said funcdonal group being bonded to 
tlie pho^iKmis atom of die 
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10 



I? 



O^OCH-OCR, 
-P. 



mmeiy, and wherein R„ R, and R, are as defined widi fonnuia (1). 

The presmt invention furdier provides novel phosphonate 
derivatives of carboxyl-cootaining drugs, which derivatives have die 
fonnuia 



O 

fj) 0^OC31,-OCR, 
D-C-O-Z-O-P^ 

^R, 



(fc) 



wherein D-C- is titt residue of a drug having a reactive carboxyl 
15 functional group, the carboxyl carbon atom of said functional group being 
linked, via an -O-Z-O- bridging group, to die phosphonis atom of die 



20 



moiety; wherein Z is -alkvlene- wherein die alkylene group contains 

1 to 3 carbon atoms and R^ is defined as is Rj widi formula (1); or 
wherein Z is Q-C, cycloolkylene in which two adjacent ring carbon 
25 attims are each bonded to a different oxygen auim in die -O-Z-O- 

biidging group; and wherein Ri and R, are as defined widi formda (I). 
Still further, the invention provides novel phosphonate derivatives 
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of drugs containing imide or amide functional groups, which derivatives 
have the foimulas 



^ OC3i-OC3l, 
D N-CH-O-P^ (Id) 



Rj O 

O O ^oil-OCR, 



10 and D-C-N-CH-O-P^ (le) 



IS wherein D N- is the residue of a drug having a reacdve 

imide functional groop, D-C-y- is the residae of a drug having a reactive 

R4 

20 amide functional group, the nitrogen atom of the imMe or amide 
functional group being linked, via a -CH-O- 



bridging group, to the phosphorus atcnn of the 

R« 



25 O ^CXH 

— P 



moiety; R4 is preferably H but may also be CfQ alkyl or combined with 
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O 
II 

D-C-N- to fonxi a cyclic amide; and wiicrein the Rj groups in formulas 
(Id) and (le), which can be the same of diffetcnt, are as defined with 
fomiula (I); and R, and R, are as defined with fonnula (I). 

The present invention also provides novel phosphonate derivatives 
of amino-containing drugs, which derivatives, have the formula 



O 

O .OCH,.OCR, 
D-N-C-OCH-O-Pr^ (If) 
10 k k ^R. 



wherein D-N- is die residue of a drug having a reactive primary 
R* 

amino (R4=H) or secondary amino (R« = orficr than H, but preferably C,- 
C alkyl or combined witii D-N- to form a cyclic secondary amine) group 
the nitrogen atom of die amino functional group being linked, via a 
O 

-C-O-CH-O- bridging group, to die phosphorus atom of the 



20 



O 
II 



O 
it 

CX3Ji-OCR, 



R. 



moiety; wherein R-^ is defined as is Rj widi formula (1); and wherein R, 
and R, are as defined witii formula (I). The identity of the R, group (R, 
= other tiian H) in drugs having reactive secondary amino groups, while 
often C,-C, lower alkyl, is immaterial to die invention, since R, is of 
course pan of die drug residue itself and is left unchanged by die 
conversion to the formula (If) compound. 

More particularly, in accord widi die present invention, die 
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following defUudons are applicable: 

The tenn "lipoidal" as used here is intended to mean iipid-soluble 
or lipophilic. 

The term "drug" as used herein means any substance intended for 
use in the diagnosis, cure, mitigation, treatment or prevention of disease 
or in the enhancement of desirable physical or mental development and 
conditions in man or animal. 

By "centrally acting" drug, drug species, active agent or compound 
as used hereinv there is of course intended any drug species or the like, a 
significant (usualfy, principal) pharmacological activity of which is CNS 
and a result of direct action in the brain. Centrally acting drugs aie 
preferred for derivation in accord with the present invention, brain- 
targeted drug delivery being the preferred goal of the invention. 

The expression "drug having a reactive functional group" as used 
herein means that the drug possesses at least one functional group which 
is capable of covalentiy bonding to the phosphorus atom in the 
phosphonate moiety, eitiier directiy or tiirough a bridging group, in such a 
manner that an active drug species will ultimately be released at the 
desired site of action, e.g. tiie brain. Such reactive functional groups 
include hydroxyl, carboxyl, mercapto, amino, amide and imide functions. 
The word "hydroxyl" means an -OH function. 
The word "carboxyl" means a -CXX)H ftmction. 
The word "mercapto" means an -SH function. 
The word "amino" means a primary or secondary amino function, 
i.e. -NHj or -NHR4. The secondary amino function is also represented 
herein as -NH-, particularly since the exact identity of the R4 portion of 
-NHR4 is immaterial R4 being a part of tiie drug residue itself which is 
left unchanged by conversion of the drug to the phosphonate carrier 
system. 

The word "amide" means a carbamoyl (-CONHj) or substituted 
carbamoyl (-CONHRJ or a suifemoyl (-SO^NH^) o* substituted sulfamoyl 
(-SO2NHR4) functicjnal group. The -CBNIfil* and -SO^NHR^ groups may 
also be represented herein as -CONH- and -SOjNH-, respectively, since 
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the identity of R, is immaterial, R« being a pan of the drug residue itself 
which is left unchanged by conversion of the drug to the phosphonate 
carrier system. 

The word "imide" means a functional group having the structure 



-C 



NH 



that is. the structure which characterizes imides (i.e. compounds having a 
succinimide-type or phthalimide-type structure). 

It will be apparent from the known structures of die many drug 
species exemplified hereinbelow. that in many cases the selected drug will 
possess more than one reactive functional group, and, in particular, that 
the drug may contain hydroxyl or carboxyl or amino or otiier functional 
groups in addition to the groups to which die phosphonate carrier wiU be 
linked, and that these additional groups will at times benefit from being 
protected during syndiesis and/or during administration. TTie nanire of 
such protection is described in more detail hereinafter. Obviously, such 
protected drug species are encompassed by die definition of "drug" set 
forth hereinabove. 

The expression "a bridging group" as used herein refers to a 
bivalent group used to attach the phosphonate carrier moiety to die drug 
when the drug does not contain a functional group susceptible to direct 
bonding to die phosphorus atom to form a linkage which wiU ultimately 
cleave to release an active drug species in die target organ. Drugs 
containing reactive hydroxyl and mercapto groups are capable of direct 
bonding to the phosphorus atom to form die desired linkage; odier 
reactive functional group require appropriate bridging groups, for example 
as shown in structures (Ic), (Id), (fc) and (H) hereinabove. 
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The tenti "CrCg aikyl" as used herein includes straight and 
branched-chain lower alkyl radicals having up to eight carbon atoms, e.g. 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, ten-butyl, pentyl, hexyl 
and the like. 

The term "Cg-Cjo aryl" includes aromatic radicals having the 
indicated number of carbon atoms, e.g. phenyl and naphthyi. 

The term "Cy-Cij aralkyl" designates radicals of the type 

-alkyiene-aryl 

wherein the aryl portion is phenyl or naphthyi and the alkylene portion, 
which can be straight or branched, can contain up to 6 carbon atoms, e.g. 
methylene, ethylene, propylene, trimethylene, 1,2-butylene, 2,3-butyiene, 
tetrameihylene and the like. A typical aralkyl group is benzyl. 

The term "C4-C9 heteroaryl" refers to aromatic radicals having the 
indicated number of carbon atoms and additionally containing 1 or 2 
hetero atoms in the ring(s) selected from the group consisting of N, O 
and S. Illustrative radicals of this type include furyU pym>lyl, imidazolyl, 
pyridyl, indolyl, quinolyl and the like. 

The term "G3-C7 cycloalkyl" designates saturated alicyclic 
hydrocarbon radicals containing the indicated number of carbon atoms, 
e.g. cyclopentyl and cyclohexyl. 

The term "C3-C7 cycloheteroalkyl" refers to saturated alicyclic 
hydrocarbon radicals having the indicated number of carbon atoms and 
additionally containing 1 or 2 hetero atoms in the ring selected from the 
group consisting of N, O and S. Examples include morpholino, 
piperazinyl and pyrralidinyl. 

The term "Ci-Q alkenyl" designates unsaturated aliphatic 
hydrocarbon radicals, or olefinic groups, which contain one or two double 
bonds and the indicated number of carbon atoms, e.g. 1-propen-l-yl, 1,3- 
pentadien-l^yl and the like. 

The term "(Q-Cio aryloxy)CrQ alkyl" includes aryloxyalkyl 
radicals such as phenoxymethyU i.e. the aryl portion contains 6 to 10 
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cariwn atoms, e.g. phenyl or naphthyl, while the alkyl portion contains 1 
to 8 carbon atoms, e.g. methyl or ethyl. 

The term "Cj-Q cycloalkyl-C;H2r-"* includes cycloalkyl and 
cycloalkyl-alkylene- radicals containing the indicated number of carbon 
5 atoms and bearing 0 to 2 Q-Q alkyl groups as ring substituents. 

Illustrative radicals include cyclopentyl, cyclohexyl, cyclohexylmediyl, 1- 
methylcyclohex-l-yl, 2,2,3,3-teoamethylcycloprop-l-yl and the like. 

The tenn "phenyl-CyHj,-" includes phenyl and phenyi-alkylene- 
radicals containing the indicated number of carbon axoais, e.g. benzyl, any 
10 of which can bear 0 to 3 substiments as defined above. TTie substituents 
can be selected ftom Q-C* alkyl, which can be straight or branched, e.g. 
meriiyl, etiiyl, propyl, isopropyl; C.-C* alkoxy, which can be sffaight or 
branched, e.g. medioxy, ethoxy; halo, which includes bromo, chloio, iodo 
and fluoro; tiifluoromethyl; Q-C, dialkylamino, e.g. dimethylamino and 
15 diethylamino; and Cj-Q alkanoylamino, c.g. acetamido and propionamido. 
Substituted phenyl-C^- radicals include such radicals p-tolyl, 2,4,6- 
trimethylphenyi and m-trifluotomethylbenzyl. 

The woid "alkylene" when used in conjunction with the Z tenn 
herein nfexs to bivalent radicals of the type -(CHj)„- where n is 1, 2 or 
20 3, and the corresponding branched-chain groups. When it is part of the Z 
term, the alkylene grouping can only be unsubstimted methylene if the 
drug residue is sufficiendy hindered; otherwise, it should be substimted 
methylene or unsubstimted or substimted Q-Q alkylene. 

The term "Cj-Ci cycloailQrlene" as used in conjunction with the Z 
25 term designates radicals of the type 




where m is 1 to 6 and the coiiesponding branched- chain groups. 

The expression "non-toxic pharmaceutically acceptable salts" as 
30 used herein goierally includes the non-toxic salts of compounds of 

formula (1) formed with non-toxic, pharmaceutically acceptable inorganic 
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10 



15 



20 



or organic acids ^ For example, the salts include those derived from 

inorganic acids such as hydrochloric, hydiobromic, sulfuric, sulfamic, 

phosphoric, nitric and the like; and* the salts prepared from organic acids 

such as acetic, propionic, succinic, glucolic, stearic, lactic, malic, tartaric, 

citric, ascorbic, pamoic, maieic, hydroxyraaleic, phenylacetic, glutamic, ^ 

benzoic, salicyclic, sulfanilic, fumaric, methanesulfonic, toluenesulfonic 

and the like. , * 

The expression "hydroxy! protecting group" as used herein is 
intended to designate a group (Y) which is inserted in place of a 
hydrogen atom of an OH group or groups in order to protect the OH 
group(s) during synthesis and/or to improve lipoidal characteristics and 
prevent premature metabolism of the OH group(s) prior to the 
compound's reaching the desired site in the body. The expression 
"protected hydroxy substituent" designates an OY group wherein Y is a 
"hydroxyl protecting group" as defined above. 

Typical hydroxyl protecting groups contemplated by the present 
invention are acyl groups and carbonates. When the hydioxyl protecting 
group is acyl (i.e^., when it is an organic radical derived from a carboxylic 
acid by removal of the hydroxyl group), it can be selected from the same 



group of radicals as those encompassed by the -C-Rj portion of formula 
(I) hereinabove. Thus, the hydroxyl group preferably represents an acyl 
radical selected firdm the group consisting of alkanoyl having 2 to 8 
carbon atoms; alkenoyl having one or two double bonds and 3 to 8 
carbon atoms; 



O 




wherein the cycliEialkyl portion contains 3 to 7 ring atoms and r is zero, 
one, two or three; phcnoxyacetyl; pyridinecarbonyl; and 



-29- 

O 

phenyl-QHjr-C- 

wherein r is zero, one, two or three and phenyl is unsubstituted or is 
substituted by 1 to 3 alkyi each having 1 to 4 carbon atoms, alkoxy 
having 1 to 4 carbon atoms, halo, trifluoromethyl, dialkylamino having 2 
to 8 carbon atoms or alkanoyiamino having 2 to 6 carbon atoms. 

When the acyl group is alkanoyl, there are included both 
unbranched and branched alkanoyl, for example, acetyl, propionyl, buiyiyl, 
isobutyryl, valeryl, isovaleryi, 2-methylbutanoyl, pivalyl (pivaloyl), 3- 
methylpentanoyl, 3,3-dimethylbutanoyl, 2,2-dimethylpcntanoyI, hexanoyl 
and the like. Pivalyl, isobutyryl, isovaleryi and hexanoyl are especially 
O 

preferred, both as -C-R, groupings and as hydroxyl protective groups. 

When the acyl group is alkenoyl, there are included, for example, 
crotonyl, 2,5-hexadienoyl and 3,6-octadienoyl. 

When the acyl group is 



O 

cycIoalkyl-C^2r-C-. 

there arc included cycioalkanecarbonyl and cycloalkanealkanoyl groups 
wherein tiae cycloaikane portion can optionally bear 1 or 2 alkyi groups 
as substituents, e.g. cyclopropanecarbonyl, l-metiiyicydopropanecarbonyl, 
cyclopropaneacetyl, a-mediylcyclopropaneacetyl, 1-meriiylcyclopropane- 
acetyl, cyclopropanepropionyl. a-metiiylcyclopropanepiDpionyl, 2- 
isobutylcyclopropanepropionyl, cyclobutanecarbonyl, 3,3-dimetiiyl- 
cyclobutanecarbonyi, cyclobutaneacctyl, 2,2-dimediyl-3-etiiylcyclo- 
butuneacetyl, cyciopenianecarbonyl, cyclohcxaneacetyl, cyciohexane- 
carbonyl, cyclohcptanecarbonyl and cycloheptanepropionyl. 

When tiie acyl group is pyridinecarbonyl, tiiere are included 
picoUnoyl (2-pyridinecarbonyl), nicotinoyl (3-pyridinecarbonyl) and 
isonicotinoyl (4-pyridinecarbonyI). 
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When the acyl group is 

O 
II 

phenyl-C^2r-C-, 

t 

there are included, for example, benzoyl, phcnylacetyl, a-phenylpropionyl, 
5 P-phenyipropionyl, p-toluyl, m-toluyl, o-toluyl, o-ethylbenzoyl, p-tert- * 

butylbenzoyl, 3,4-dimethylbenzoyl, 2-methyi-4-ethylbenzoyl, 2,4,6- 
trimethyibenzoyl, m-methyiphenyiacetyl, p-isobutylphenylacetyi, p-(p- 
ethylphenyl)propionyi, p-anisoyl, m-anisoyl, o-anisoyl, m-isopropoxy- 
benzoyl, p-methoxyphenylacetyl, m^-isobutoxyphenylacetyl, m-diethyl- 

10 aminobenzoyl, 3-tnethoxy-4-ethoxybenzoyl, 3, 4,5- trimethoxy benzoyl, p- 

dibutyiaminobenzoyl, 3,4-diethoxyphenylacetyl, |3-(3,4,5-trimethoxy- 
phenyl)propionyl, o-iodobcnzoyl, m-bromobenzoyl, p-chlorobenzoyl, p- 
fluorobenzoyl, 2-bromo-4-chlorobcnzoyl, 2,4,6-trichlorobenzoyi, p- 
chlorophenylacetyl, a-(m-bromophenyl)propionyl, p- 

15 triiluoromethylbenzoyl, 2,4-di(trifluoiomethyl)benzoyl, m-trifluoio- 

methylphcnylaceiyl, p-(3-methyl-4-chlorophenyl)propionyl, p-dimethyl- 
aminobenzoyl, p-(N-inethyl-N-ethylamino)benzoyl, o-acetamidobenzoyl, m- 
propionanudobenzoyU 3-chloto-4-acetazmdopheiiyiacetyl, p-n-butoxy- 
benzoyl, 2,4,6-triedioxybcnzoyl, p-(p-trifluoromethylphenyl)propionyl, 2- 

20 niethyl-4-methoxybenzoyl, p-acetamidophenylpropianyl, and 3-chioro-4- 
ethoxybenzoyl. 

When the hydroxyl protecting group is a carbonate grouping, it has 
the structural formula 



25 Y'-O-C- 

Le., it is an organic radical which can be considered to be derived ftom a 

carbonic acid by removal of the hydroxyl group from the COOH portion. ^ 

Y' preferably represents aUcyl having 1 to 7 carbon atoms; alkenyl having 

one or two double bonds and 2 to 7 carbon atoms; 
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10 



cycioalkyl-QHjr- 

wherein the cycloalkyl portion contains 3 to 7 ring atoms and r is zero, 
one, two or three; phenoxy; 2-, 3-, or 4-pyridyI; or 

phenyl-C^2r- 

whercin r is zero, one, two or three and phenyl is unsubstituted or is 
substituted by 1 to 3 alkyl each having 1 to 4 carbon atoms, alkoxy 
having 1 to 4 carbon atoms, halo, trifluoromethyl, dialkylamino having 2 
to 8 carbon atoms or alkanoylamino having 2 to 6 carbon atoms. Most 
preferably, Y' is CrC, alkyl, particularly ethyl or isopropyl. 

Similarly, the expression "carboxyl protecting group" as used 
herein is intended to designate a group (W) which is insened in place of 
a hydrogen atom of a COOH group or groups in order to protect the 
CCXDH group(s) during synthesis and/or to improve lipoidal characteristics 
and prevent premature metaboUsm of said COOH group or groups prior 
15 to the compound's reaching the desired site in the body. Typical of such 
carboxyl protecting groups W are the groups encompassed by Y' above, 
especially Q-Q alkyl, particulariy ethyl, isopropyl and t-butyL While 
such simple alkyl esters and the like are often useful, other carboxyl 
protecting groups may be selected, e.g. in order to achieve greater control 
20 over the rate of in vivo hydrolysis of the ester back to the acid and thus 
enhance drug delivery. To that end, carboxyl protecting groups W such 
as the foUowing may be used in place of the hydrogen of die -COOH 
group: 



-CH2-C=C-CH„ 

25 O O 

\/ 
C 
II 

o 
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O 
ii 

-alk-OCO-alkyl or 



-alk-0-alkyl. 



wherein alk is CrC^ straight or branched alkylene and the alkyl radical is 
S straight or branched and contains 1 to 7 carbon atoms (e.g. 

O- 

-CHOcSoCHzCH, and -CH^OCHj). 
CHa 

Other carboxyl protecting groups W which can be used in place of 
10 the hydrogen of the -COOH group and which are especially useful herein 
are the following: 



A-Cu cycloalkyl-CpHjp- 
wherein p is 0, 1, 2 or 3; 

Q-Ca polycycloalkyl-CpHsp- 
15 wherein p is defined as above, 

Ce-Cj, poiycycioalkenyl-CpHjp- 
wherein p is defined as above; 

Q-Cu cydoalkenyl-CpHjp- 
wherein p is defined as above; 
20 / -airX^ 



wherein Xj is S, SO or SO2 and is C,-Ct alkyl or Q-Ca cycloalkyl; 
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+ 

CH, 



wherein R, is defined as above; 

^ 

-CH.X.-R, 

wherein is defined as above, Rb is C.-C, alkyl and R, is C.-Q alkyl 
or wherein Rb and R^ taJcen together represent -(CHz)^,- wherein m' is 3 
or 4 and -(CHz)^.- is optionally substituted by one to three CrQ alkyl; 

10 R, 

-CHOCOR^ 

wherein Rj is hydrogen or C.-C, alkyl and R^ is unsubstituted or 

O 

substituted C.-C,, alkyl [e.g. -CH,OC-C(CH,)J. Q-Cn cycloalkyl -CpHjp- 
15 wherein p is defined as above, Q-Ca cycloalkenyl-CpHjp- wherein p is 
defined as above or Q-C, alkenyl, the substituents being selected ftom 
the group consisting of halo, Q-C, alkoxy, Q-C, alkylthio, C,-C, 

O O 
alkylsulfinyl, d-Q alkylsulfonyl, -NH<!:-(C,-Q alkyl) and -OC-(Ci-C7 

20 alkyl), or R^ is unsubstinited or substituted phenyl or benzyl, the 

substituents being selected fiom the group consisting of Q-C, alkyl, Cj- 
C, alkoxy, halo, carbamoyl, Q-C, alkoxycarbonyl, Q-q, alkanoyloxy, C,- 
Q haloalkyl, mono(Ci-C alkyl)aniino, diCQ-Q alkyl)amino, mono(C,-C, 
alkyDcarbamoyi, di(CrC, alkyl)carbamoyl, C-Q alkylthio, Q-Q 

25 alkylsulfinyl and €,-0, alkylsulfonyl, or R^ is Q-Q, polycyctoalkyl- 

CpHjp- or Q-Q, polycycloalkenyl-CpHap- wherein p is defined as above; 
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^ 

-CH-COOR^ 
wherein and are defined as above; and 

5 ^CH-CONRjRg t 

wherein Rj is defined as above and Rf and Rg, which can be the same or 
different, are each hydrogen, CrQ alkyl, C3-C12 cycloalkyl-CpH2p-, Q- 
Cjj cycloalkcnyi-CpH2p-, phenyl or benzyl, or one of Rf and Rg is 
hydrogen, CrC7 alkyl, C3-C12 cycloalkyl-CpHjp-, C3-C12 cycioalkenyi- 

10 CpH2p-, phenyl or benzyl and the other of Rf and Rg is Cs-Qg 

polycycloalkyl-CpH2p- or C^-Qa polycycIoalkenyl-CpH2p-, or Rf and Rg are 
combined such that -NRfRg lepiesents the residue of a saturated 
monocyclic secondary amine. 

When the carboxyl protecting group is C3-C12 cycloalkyl-CpH2p- or 

15 otherwise contains a C^-Cn cycloalkyl group, the cycloali^l groups 
contain 3 to 8 ring atoms and may optionally bear one or more, 
preferably one to four, alkyl substituents. Exemplary such cycloalkyl 
groups are cyclopropyl, 2-methylcyclopropyl, 3-ethylcyclopropyl, 2- 
butylcyclopropyl, 3-pentylcyclopropyl, 2-hexylcyclopropyl, cyclobutyl, 2- 

20 methylcyclobutyl, 2,3-dimethylcyclobutyl, 3-butylcyclobutyl, 4-hexyl- 
cyclobutyl, 2,3,3-trimethylcyclobutyl, 3,3,4,4-tctiamethylcyclobutyl, 
cyclopentyl, 2-methylcyclopentyl, 3-ethylcyclopentyU 4-butylcyclopentyl, 5- 
methylcyclopentyl, 3-pentylcyclopentyl, 4^hexylcyclopentyl, 2,3-dimethyl- 
cyclopentyl, 2,2,5,5-tetramethylcyclopcntyl, 2,3,4-trimethylcyclopenQ^l, 2,4- 

25 dimethyl-3-ethylcyclopentyl, 2,2,3»4,4-pentaiMihylcyclopentyl, 2,3- 

dimethyl-3-propylcyclopentyl, cyclohexyl, 2,6-dimethylcyclohexyl, 3,3,5,5- ^ 
tetramethylcyclohexyl, 2-methylcyclohexyl, 2-ethylcyclohexyl, 4-propyl- 
cyclohexyl, 5-butyicyclohexyl, 2,3-dimethylcyclohexyl, 2,4-dimethylcyclo- ^ 
hexyl, 2,5-dimetfaylcyclohexyl, 2.3,4-trimethylcyclohexyl, 2,3-dimethyl-5- 

30 ethylcyclohexyl, 2,5-dimethyI-6-propylcyclofaexyl, 2,4-dimethyl-3- 
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butyicyciohexyl, 2,2,4,4-tetramethylcyciohexyl, 3,3,6,6-tetramethyIcycio- 
hexyl, 3,3,4,5,5-pentaniethyicyclohexyl, 3,3,4,5.5.6-hexamethylcyclohexyl, 
3,3,5-mmethyl-4-ethyicycIohexyl, 3,4,4-trimethyI-5-pn)pylcyclohexyl, 
cyclohcptyi, 3-mcthylcyclohepiyl, 5-propylcycloheptyl, 6-butyIcycloheptyl, 
7-methylcycloheptyl, cyclooctyl, 2-methylcycIooctyl, 3-ethyicyciooctyl, 
3,3,4-trimethylcyclooctyl, 3,3,5^-tetrainethylcyciooctyl and the like. 

When the carfaoxyl protecting group is Cj-C^ cycioalkenyl-CpHjp- 
or otherwise contains a Cj-C,a cycioalkenyi group, the corresponding 
unsaturated radicals such as cyciopentenyl and cyciohexenyl and the like 
are contemplated. 

The polycycloalkyl-CpHjp- radicals which can serve as carfaoxyl 
protecting groups, or as portions of carfaoxyl protecting groups, are 
bridged or fused samrated alicyclic hydrocarfaon systems consisting of two 
or more rings, optionally bearing one or more alkyl substituents and 
having a total of 6 to 28 carbon atoms in die ring portion. The corres- 
ponding bridged or fused unsanirated alicyclic hydrocarbon systems are 
intended by the term "Q-Q, polycycloalkenyl-CpHzp-". Such polycyclo- 
alkyl and polycycioalkenyl radicals are exemplified by adamantyl 
(especially 1- or 2-adamantyl), adamantylmethyl (especially I-adamantyl- 
methyl), adamantylediyl (especially 1-adamantylethyl), bomyl, norbonyl, 
(c.g. exo-norfaomyl or endo-norborayl), norbomenyl (e.g. 5-norbomen-2- 
yl), norbomylmetfiyl (e.g. 2-norbomylmethyl) and norbomylethyl (e.g. 2- 
norfaomyiethyl), and by radicals of the type 

-C^^-(st«Dl residue) 

wherein p is defined as above and the sterol residue is the portion of a 
steroidal alcohol which remains after removal of a hydrogen atom ftom a 
hydroxy group tiierein. The sterol residue is preferably that of a 
pharmacologically inactive steroid, c.g. cholesterol, a bile acid (cholic acid 
or related compound) or die like. In the case of polycyclic radicals, p is 
preferably 0, 1 or 2. 
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When the carboxyl protecting group is -CH-CONRfRg wherein 
-OTlfRg represents the residue of a saturated monocyclic secondary amine, 
such monocycles preferably have 5 to 7 ring atoms optionally containing 
another hetero ^om -S- or -N-) in addition to the indicated nitrogen 
atom, and optionally bear one or more substituents such as phenyl, benzyl 
and methyl. Qliistrative of residues of saturated monocyclic secondary 
amines which are encompassed by the -NRfRg term are morpholino, 1- 
pynolidinyl, 4-benzyl-l-piperazinyl, perhydro-l,2,4-oxathiazin-4-yl, 1- or 
4-piperazinyl, 4-methyH-piperazinyl, piperidino, hexamethyleneimino, 4- 
phenyipiperidino, 2-methyH-pyrazolidinyl, 1- or 2-pyrazolidinyl, 3-raethyl- 
1-imidazolidinyI, 1- or 3-imidazolidinyl, 4-benzylpiperidino and 4-phenyl- 
1-piperazinyi. 

As yet another alternative, the carboxyl group can be protected by 
converting it to an amide, i.e. the -COOH group is converted to a 
-CONRfRg group wherein Rf and Rg are as defined and exemplified 
above. Such amide groups are also intended to be encompassed by the 
expression "carboxyl protecting group" as used herein. 

Selection of an appropriate carboxyl protecting group will depend 
upon the reason for protection and the ultimate use of the protected 
product. For example, if the protecting group is intended to be present in 
a pharmaceutically useful end product, it will be selected fi-om those 
protecting groups described hereinabove which offer low toxicity and the 
desired degree of lipophilicity and rate of in vivo cleavage. On the other 
hand, if the protecting group is used solely for protection during 
synthesis, then only the usual synthetic requirements will generally apply. 

The expression "amino protecting group" as used herein is intended 
to designate a group (T) which is inserted in place of a hydrogen atom of 
an amino group or groups in order to protect the amino group(s) during 
synthesis and/or to improve lipoidal charac^ristics and prevent premature 
metabolism of ^aid axnino group or groups prior to the compound's 
reaching the desited site in the body. 



wo 92/00988 



PCr/US91/04824 



-37- 



10 



As with the carboxyl protecting groups, selection of a suitable 
amino protecting group will depend upon the reason for protection and 
die uldmaie use of die protected product. When die protecting group is 
used solely for protection during syndiesis, dien a conventional amino 
protecting group may be employed. When die amino protecting group is 
intended to be present in a phaimaceuticaUy useful end product, dien it 
will be selected from among amino protecting groups which offer low 
toxicity and die desired degree of HpophiUcity and rate of in vivo 
cleavage. Especially suitable for in vivo use as amino protecting groups 
T are activated carbamates. i.e. the protecting group T has die structure 



^ 

-COCH-OCR 
II in 
O O 



20 



wherein is hydrogen, C.-Q alkyl or phenyl and can be selected 
15 from the groups indicated as suitable cartoxyl protecting groups W 

hereinabove. Again, die bulkier groups are preferred for use ia vivQ, and 
Ri is preferably a polycycloalkyl or polycycloalkenyl^ontaining group, 
such as adamantyl or a sterol residue, especially a cholesterol or bile acid 
residue. 

The drugs which can be deiivatized in accord widi the present 
invention must contain at least one functional group capable of bonding 
to the phosphorus atom in die phosphonate caiiier moiety, directiy or 
dirough a bridging group. Drugs which are capable of direct bonding are 
generally preferred because diiecdy-bonded derivatives are more readily 
25 syndiesized and tiiek in vivg cleavage to die active drug species is 

likewise less complex. When a linking or bridging group is required, 
such must be chosen judiciously so diat in vivo cleavage will occur in die 
desired sequence. The phosphonate derivatives of fomula (I) are 
designed to be cleaved in vivs in stages after diey have reached die 
dssired site of action. The first cleavage, by esterase, provides a 
negatively charged "locked-in" intermediate of die type 



30 
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P-O- ; 

cleavage of the terminal ester grouping in (I) thus affords an inherently 
5 unstable intermediate of the type 



O 

II I 
[Dl-P-O-CHOH 
I 

Ri 



which immediately and spontaneously releases R2CHO and the negatively 
10 charged "locked in" intermediate depicted above. With time, a second 
cleavage occurs; this cleavage is catalyzed by means of alkaline 
phosphatase, releasing the original drug (D-OH in the case of hydroxy- 
linked drugs, D-SH in the case of mercapto-linked drugs or, in the case 
of other drug classes, a drug-bridging group entity which will readily 
15 release the original drug), along with R,PO^. In the selected instances in 
which the drug is of the nucleoside type, such as is the case of 
zidovudine and iMmerous other andretroviral agents, it is known that the 
drug is activated hi vivo by phosphorylation; such activation may occur in 
the present systein by enzymatic conversion of the "locked-in" 
20 intermediate with phosphokinaise to the active phosphonate diphosphate 
and/or by phosphorylation of die drag itself after its release from the 
"locked-in" intermediate as described above. In eitiier case, the original 
nucleoside-type <hiig will be converted, via the derivatives of this 
invention, to the active phosphorylated species according to the sequence: 
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D-O-H 

original 
nucleoside- 
type drug 



chemical derivadon 



Rj O 
I II 
OCH-OCR3 



O 
II 

D-O-P 
\ 

R. (la) 
fonn administered 



in VIVO esterase- 
catalyzed hydrolysis 



10 



O 

u 

D-O-P 



Q- 



in vivo phosphorylation 



negatively charged 
"locked-in" intermediate 



000 

D-O-P-O-P-O-S-OH 
I t I 

R, OH OH 

active phosphorylated 
species 



15 



in vivo alkaline 
phosphatase- 
cataiyzed 
hydrolysis 



m vivo 

phosphorylation 



D-OH 
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It is appmicnt from the foregoing that, in the case of nucieoside- 
type drugs which arc activated by phosphorylation, the instant invention 
provides derivatives which need only a two-step in vivo phosphorylation 
to arrive at the active tri-phosphorylated species, while the original drug 
5 requires a three-step activation in vivo to the triphosphate. 

In the ca^ of drugs having a reactive hydroxyl or mercapto 
function dircctiy bonded to the phosphorus atom, the cleavage to forai the 
negatively charged "lockcd-in" intermediates is much faster than the 
cleavage of the d^ug itself from the remainder of the negatively charged 

10 R2 

intermediate, no matter what the identity of the -OCH- grouping in 
formula (la) or (lb). The same is true for the case of imide-type and 
amide-type drags. Thus, R2 in structures (Id) and (le), like R2 in 
stractures (la) and (lb), can be any of the groups defined as R2 values 

15 with formula (I) hereinabove. The derivatives of formulas (Id) and (le), 
like those of foraplas (la) and (lb), are thus first cleaved by esterase to 
give the negatively charged intermediate; subsequent cleavage by alkaline 
phosphata^ in the case of the amides and imides gives an unstable 
intermediate which rapidly is transformed into the original drag. On the 

20 other hand, in tfi^^case of drugs linii^ via amine or carboxylic acid 
functions, the icfe^ty of the R2 groups must be carefully controlled so 
that the enzyimtic cleavages occur in the proper order. It is apparent 
from a study of stractures (Ic) and (If) hereinabove, that each of these 
stractures contains more than one bond susceptible to cleavage by 

25 esterase; if these esterase-cleavable bonds do not cleave in the proper 

■ i? 

sequence, i.e. if the bond linking RgC- to the rest of the molecule does 
not cleave before the carboxyl bond linking the drag to the phosphonate 
moiety, then the negatively charged "locked-in" intermediate will not be 
30 formed and tarj^led drag deliv»y will not occur. By utilizing an 

-OCH2- linkage for -CX^- in formulae (Ic) and (If), that linkage becomes 
particularly susceptible to esterase. Nevertheless, judicious selection of 
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the -O-Z- linkage in fonnuia (Ic) and the ""H- linkage in formula (If) 

2 

is rcquiiccL For example, when the drug residue is steiically hindered, 
-O-Z- can be -OCHj- in formula (Ic), because that bond will be less 

O 

susceptible to esterase than the bond linking Rs-C- to the rest of the 
molecule, due to steric considerations. Likewise, -OCH- can be -OCH2- 

in formula (U) when the drug residue is hindered On the other hand, 
when structurally simple drags which are not bulky/sterically hindered 
are derivatized, it may be required that -OZ- cannot be -OCH2- in 
foraiula (Ic) and -OCH- cannot be -OCH2- in formula (If). In this way, 

the compounds are designed so that the bonds will cleave in the proper 
sequence. 

From the foregoing, it will be ^parent that many different drugs 
can be derivatized in accord with the present invention. Numerous such 
drags arc specifically mentioned hereinbclow. However, it should be 
understood that the following discussion of drag families and their 
specific members for derivatization according to this invention is not 
intended to be exhaustive, but merely illustrative. 

Drags containing a reactive hydroxyl or mercapto function for use 
herein include, but arc not limited to, steroid sex hormones, antivirals, 
tranquilizers, anticonvulsants, antineoplastics (anticancer/antitumor agents), 
hypotensives, antideprcssants, narcotic analgesics, narcotic antagonists and 
agonist/antagonists, CNS anticholinergics, stimulants, anesthetics, 
antiinflammatory steroids, nonsteroidal antiinflaxmiiatory agents/analgesics, 
antibiotics and C^S prostaglandins. Prefnred drags of this type are 
antivirals, antineoplastics and steroids. 

More specifically, among the steroid sex hormones there are 
included: male sex hormones/androgens such as testosterone and methyl 
testosterone; and female sex hormones, including estrogens, both 
semisynthetic and natural, such as mestranol, quinestrol, ethinyl estradiol, 
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estradiol, estrone, estrioi, estradiol 3-methyl ether and estradiol benzoate, 
as well as progestins, such as norgestrei, norethindrone, ethisterone, 
dimethisterone, allylestrenol, cingesioi, ethynerone, iynestrenol, 
norgesterone, norvinisterone, ethynodiol, oxogestone, tigestol and 
norethynodrel. Typically, the phosphonate moiety will be bonded to the 
steroid via a hydroxyl in the 3- or 17-position, with the 17-position being 
generally preferred. 

Among the antivirals, there are included those of the nucleoside 
type, glycosides, phenyl glucoside derivatives and others. Those of the 
nucleoside type (i.e. a purine or pyrimidine base-type structure, including 
analogs of purines and pyrimidines, bearing a singly or multiply 
hydroxylated substituent, which may be a natural or unnatural sugar, 
hydroxy-bearing alkyl group or similar substituent) are preferred. 
Exemplary nucieoside-type antivirais include zidovudine (AZT; 
azidothymidine), ribavirin, (S)-9-(2,3-dihydroxypropyl)adenine, 6- 
azauridine, acyclovir (ACV), 5,6-dichloro-l-p-D- 
ribofuranosylbenzimidazole, 5,7-dimethyl-2-|3-D-ribofuranosyl-s-triazole 
(1,5-a) pyrimidine, 3-deazauridine, 3-deazaguanosine, DHPG (ganciclovir), 
6-azauridine, idoxuridine, dideoxycytidine (DDC), tiifluiidine 
(trifluorothymidine), dideoxyinosine, dideoxydehydrothymidine, 
dideoxyadenosinc, BVDU, FIAU, FMAU, FIAC, Ara-T, FEAU, 
cyclaradine, 6-deoxyacyclovir, 3-deazaaristcromycin, neplanocin A, 
buciclovir (DHBG), selenazofurin, 3-deazaadenosine, cytarabine (cytosine 
arabinoside; Ara-C), 5-FUDR, vidarabine (Ara-A), tiazofuiin, 3'-fluoro- 
2',3'-dideoxythymidine (FddThd), l-(2,3-dideoxy-p-D-gIyceropent-2- 
enofuranosyl)thymine (D4T or d4T), 3'-fluoro-2',3'-dideoxy-5-chlorouridine 
(FddClUrd), 5-(2-chloroethyl)-2'-deoxyuridine (CEDU), 5-ethyl-2'- 
deoxyuridine (EDU), 5-(l-hydroxy-2-chloroethyl)-2'-deoxyuridine, 5-(l- 
methoxy-2-bromoethyl)-2'-deQxyuridine, 5-(l-hydroxy-2-bromo-2- 
(ethoxycarbonyl)ethyl)-2'-dcoxyuridine, 5-(l-hydioxy-2-iodo-2- 
(ethoxycarbonyl)ethyl)-2'-deoxyuridine, 3'-azido-2',3'-didcoxyuridine 
(AZU), 3'-azido-2'3'-<iideoxy-5-bromouridine, 3'-azido-2',3'-dideoxy-5- 
iodouridine, 3'-azido-2',3'-didedxy-5-methylcytidine and 3'-£luoro-2',3'- 
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dideoxyuridine (FddUrd). These and numerous other nucieoside-typc 
antivirals suitable for derivatization in accord with the present invendon 
have been described in the literature. See, for example. Van Aerschot et 
al, J. Med Chcm . 1989, 32, 1743-1749; Mansuii et al, L Med. Chem. 
1989 , 32, 461-466; Kumar et al, J. Med. Chem . 1989 , 32, 941-944; Lin et 
al, J. Med. Chem. 1989, 32, 1891-1895; Kim et al, J. Med. Chem, 1987, 
30, 862-866; Lin et al, J. Med. Chem . 1987. 30, 440-444; Herdewijn et 
al, J. Med. Chem . 1988 , 31, 2040-2048; Turk ct al. Antimicrobial Agents 
and Chemotherapy , Apr. 1987, Vol. 31, No. 4, 544-550; Elion, in Tonics 
in Medicinal Chemistry , 4th SCI-RSC Medicinal Chemistry Symposium , 
ed. P. R. Leeming, Royal Society of Chemistry, London, 1988, pp. 163- 
171; Robens et al, in Topics in Medicinal Chemistry . 4th SCI-RSC 
Medicinal Chemistry Symposium , ed. P. R. Leeming, Royal Society of 
Chemistry, London, 1988, pp. 172-188; Kelley, in Topics in Medicinal 
Chemistry, 4th SCI-RSC Medicinal Chemistry Symposium, ed. P. R. 
Leeming, Royal Society of Chemistry, London, 1988, pp. 189-212; 
Hamdcn ct al, in Topics in Medicinal Chemistry, 4th SCI-RSC Medicinal 
Chemistry Symposium, ed P. R. Leeming, Royal Society of Chemistry, 
London, 1988, pp. 213-244; Reist et al, in Nucleotide Analogues as 
Antiviral Agents , ACS Symposium Series 401, ed. John C. Martin, 
American Chemical Society, Washington, D.C, 1988, Chs^ter 2, pp. 17- 
34; DeClcrcq, in Approaches to Antiviral Agents, ed. Michael R. 
Hamden, VCH, Great Britain, 1985, Chapter 3, pp, 57-99; Holy, in 
Approaches to Antiviral Agents , ed. Michael R. Hamdcn, VCH, Great 
Britain, 1985, Chapter 4, pp. 101-134; and Hovi, in Antiviral Agents: 
The Development and Assessment of Antiviral Chemotherapy. Volume I, 
ed Hugh J. Field, CRC Press. Inc., Boca Raton. Florida. 1988. Chapter 1, 
pp. 1-21; all of which are incorporated by reference herein in their 
entirety and relied upon. Typically, the phosphonate moiety will be 
bonded to the nucleoside-type antiviral via a primary hydroxyl in the 5'- 
position or corresponding position when the antiviral does not have a 5'- 
hydroxyl. Non-nucleoside antivirals for possible derivatization herein 
include hydroxy-containing glycosides such as 2-deoxy-D-glucose and 2- 
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deoxy-2-fluoro-D--mannose, phenyl giucosides such as phenyl-6-chioro-6- 
deoxy-|3-D-giucQpyranoside and benzimidazoie analog type antivirals such 
as the syn and and isomers of 6[[(hydroxyimino)phenyl]meihyl]-l-[(l- 
methylethyl)suifonyl]-lH-benzimidazoI-2-amine. 
5 Among the tranquilizers for derivatizarion herein, there can be ^ 

mentioned hydroxy-containing benzodiazepine tranquilizers, for example 
oxazepam, lorazepam and temazepam; tranquilizers of the butyrophenone * 
group, such as haloperidol; tranquilizers of the diphenyimethane group, for 
example hydroxy^e; phenothiazine-type tranquilizers, for example 
10 acetophenazine, caiphenazine, fluphenazine, perphenazine and 
piperacetazine; and tranquilizer analogs of phenothiazines, e.g. 
clopenthixoL 

Among the hydroxy-containing anticonvulsants, there can be 
mentioned, for example, the metabolites of valproic acid, i.e- 5-hydroxy- 

15 2-n-propylpentanoic acid, 4-hydroxy-2-n-propylpcntanoic acid and 3- 
hydroxy-2-n-pn5pylpentanoic acid. 

Among the antineoplastics, i.e. anticancer and/or antitumor agents, 
there can be mentioned as illustrative urea derivatives, hormonal 
antineoplastics, podophyllotoxins (e.g. teniposide, etoposide), antibiotic- 

20 type antibiotics, mtrosourea-type alkylating agents and, especially, purine 
and pyrinudine antagonists. The purine and pyrimidine antagonist-type 
antineoplastics ini^ude simple purine and pyrimidine base-Q^ structures, 
e.g. thioguanine and 6-mercaptopurine, as well as those of the nucleoside- 
type, e.g. Ara-A<i penbstatin, dihydro-5-azacytidine, tiazofurin, 

25 sangivamycin, Ara-A (vidarabine), 6-MMPR, 5-FUDR (floxuridine), 
cytarabine (Ara-Q cytosine arabinoside), 5-azacytidine (azacitidine), 
uridine, thymidine, idoxtiridine, 3-deazauridine, cyclocytidine, dihydio-5- 
azacytidine, tricirSbine and fludrabine. Many nucleoside*type compounds 
have utility both b$ antineoplastics and as antiviral agents. Such are ^ 

30 typically derivati3E?d as described hereinabove with reference to the 

nucleoside-type -antivirals. ^ 

Among the anesthetics, there can be mentioned pentothal 
(thiopental). 
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Among the antibiotics, there can be mentioned lincomycin type 
antibiotics such as clindamycin and lincomycin. 

Among the narcotic analgesics, there can be mentioned those of 
the meperidine type such as meptazinol, profadol and myfadol; and those 
which can be considered morphine derivatives. The morphine doivatives 
include those of the morphine series, such as hydiomorphone, 
oxymorphone, sqximoiphine, levorphanol, morphine and metopon; those of 
the benzomoiphan series, such as pentazocine, cyclazocine and 
phenazocine; and those of the codeine series, such as codeine, oxycodone, 
drocode and pholcodine. 

The narcotic antagonists and mixed agonist/antagonists include 
such con^unds as nalbuphine, naloxone, nalorphine, buprcnorphine, 
butorphanol, levaliorphan, naltrexone, nahnefenc, alazocine, oxilorphan and 
nalmexone. 

The antiinflammatory steroids include such compounds as 
cortisone, hydrocortisone, betamethasone, dexamethasone, flumethasone, 
fluprednisolone, methyl prednisolone, meprednisone, prednisolone, 
prednisone, triamcinolone, triamcinolone acetonide, cortodoxone, 
fludrocortisone, flurandrenolone acetonide (flurandrenolide) and 
paramethasone. 

Among the nonsteroidal antiinflammatory agents/non-narcotic 
analgesics, there can be mentioned, for example, clonixeril, sermatacin 
and ni^roxol. 

Dmgs containing a reactive amide or imide function for 
derivatization herein include, but arc not limited to, tranquilizers, 
sedatives, anticonvulsants/antiepileptics, hypnotics, antineoplastics, 
antivirals, antibiotics/antibactmal agents, barbiturate antagonists, 
stimulants, antihypertensives and antidepressant^sychotropic drugs. 

More specifically, there can be mentioned hydantoin-type tran- 
quilizers and anticonvulsants/antiepileptics, for example, phenytoin, 
mephenytoin and ethotoin; barbiturate 

sedatives/anticonvulsants/antiepileptics, e.g. phenobarbital, amobarbital and 
butalbital; glutarimide or piperidine derivatives which are sedatives and 
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hypnotics, for example, glutethimide, methyprylon and aminogiutethimide 
{also an anticonvulsant); benzodiazepine-type tranquilizers, such as 
nitrazepam, bromazepam, demoxepam, oxazepam; antidepressants/psycho- 
tropics, e.g. sulpiride; GABAergic agents/antiepileptics, for example 
progabide; valproic acid derivarive-type anticonvulsants, e.g. valpromide; 
barbiturate antagonists, for example, bemegride; tetracycline-type 
antibiotics, such as demeclocycline, oxy tetracycline, chlortetracycline, 
tetracycline, methacycline, minocycline and doxycycline; nonsteroidal 
antiinflammatory/analgesic agents, e.g. tesicam; and antineoplastics, for 
example alkylating agents of the nitrogen mustard-type, e.g. luracil 
mustard, spiromusrine and cyclophosphamide, alkylating agents of the 
nitrosourea type such as PCNU, purine/pyrimidine antagonists, e.g. 5- 
FU(5-fluorouracil), and various otiier antineoplastics, such as razoxane and 
ICRF.187. 

Drugs containing a reactive carboxyl function for derivatization in 
accord with the present invention include, but arc not limited to, anti- 
convulsants, antineoplastics, antibiotics/antibacterials, diagnostics and 
nonsteroidal antiinflammau)ry agents/non-narcotic analgesics. 

More specijBcally, there can be mentioned anticonvulsants, e.g. 
valproic acid; antineoplastics, for example, nitrogen mustard-type 
alkylating agents such as chlorambucil and folic acid antagonists such as 
methotrexate and dichloromethotrexate; penicillin-type antibiotics such as 
amoxicillin, phenoxymethylpenicillin (penicillin V), benzylpenicillin, 
dicloxacillin, carbenicillin, oxacillin, cloxacillin, hetacillin, methicillin, 
nafcillin, ticarcillin and epicillin; cephalosporin-type antibiotics, e.g. 
cephalothin, cefoxitin, cefazolin and cephapirin; miscellaneous other 
antibiotics, e.g. oxblinic acid; nonsteroidal antiinflammatories/non-narcotic 
analgesics, including propionic, acetic, fenamic and biphenylcarboxylic 
acid derivatives, for example^ ibuprofen, naproxen, flurbiprofen, 
zomepirac, sulindac, indomethacin, ketoprofen, fenbufen, fenoprofen, 
indoproxen, fluprofen, bucloxic acid, tolmetin, alclofenac, fenclozic acid, 
ibufenac, flufenisal, pirprofen, flufenamic acid, mefenamic acid, clonixin, 
meclofenamic acid, flumxin, diclofenac, carprofen, etodolac, fendosal. 
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prodolic acid* diflunisal and flutiazin; and diagnostics such as diohippuric 
acid and iothaiamic acid. 

Drugs containing a reactive amino function for use in accord with 
the present invention include, but are not limited to, GABAergics/anti- 
epiieptics, antineoplastics, cerebral stimulants, appetite suppressants, MAO 
inhibitors, tricyclic antidepressants, decongestants, narcotic analgesics, 
antivirals, neurotransmitters, small peptides, dopaminergic agents and 
antibiotics. Illustrative drugs of this structural type include anriepileprics 
such as GABA, y-vinyl GABA and y-acetylenic GABA; nitrogen 
mustard-type antineoplastics such as melphalan; antibiotic-type anti- 
neoplastics, e.g. daunombicin (daunomycin), doxorubicin (adriamycin), 
dacnnomycin and mitomycin C; nitrosourea-typc antineoplastics such as 
alanosine; miscellaneous other antineoplastics, e.g. bactobolin, DON and 
acivicin; sympathetic stimulants/appetite suppressants, such as meiham- 
phetamine, phentermine, phenmetrazine, dextroamphetamine, levamphet- 
amine, amphetamine, phenethylamine, methyl phenidate, aletamine, 
cypenamine, fencamfamin and etryptaminc; MAO inhibitors, e.g. tranyl- 
cypromine; tricyclic antidepressants, e.g. protriptyline, desipramine, 
nortriptyline, octriptyline and maproriline; cerebral stimulants, e.g. 
amedalin, bupropion, cartazolate, daledalin, difluanine and nisoxetine; 
antivirals such as glucosamine, 6-amino-6*deoxy-D-glucose, amantadine 
and rimantadine; amino acids/neutrotransminers, e.g. tryptophan; small 
peptides, typically containing 2-20 amino acid uruts, e.g. the enkephalins 
(leu^-enkephalin, met^-enkephalin), endorphins and LHRH analogs; 
catecholamine neurotransmitters, e.g. norepinephxine, epinephrine and 
dopamine; other neurotransmitters, e.g. serotonin, and related compounds 
such as tryptamine; penicillin-type antibiotics such as aiiq)icillin; 
cephalosporin-type antibiotics, e.g. cephalexin; and sympatholytic agents 
such as guanethidine and debrisoquin. 

Also illustrative of the centrally acting drug species contemplated 
by this invention are pharmacologically active metabolites of drugs. Such 
metabolites are typified by hydroxylated metabolites of tricyclic 
antidepressants, such as the E- and Z-isomers of lO-hydroxynortriptyline, 
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2-hydroxyimi|>raixuiie, 2-hydioxydesipraznine and S-hydroxychloripraniine; 
hydroxylated metabolites of phenothiazine tranquilizers, e.g. 7- 
hydroxycMoiprpxiiazine; and desmethyl metabolites of N-methyl 
benzodiazepine tranquilizers, e.g. desmethyldiazepam. Other acdve 
5 metabolites for use herein will be apparent to those skilled in the art, e.g. 
SL 75102, which is an active metabolite of progabide, a GAB A agonist, 
and hydroxy-CCNU, which is an acdve metabolite of COfU, an ^ 
anticancer nitrosourea. Typically, these pharmacologically acdve 
metabolites have been identified as such in the scientific literature but 
10 have not bwn administered as drugs themselves. In many cases, the 

acdve metabolites arc believed to be comparable in activity to their parent 
drugs; fircquenriy, however, the metabolites have not been administered 
per se because they are not themselves able to penetrate biological 
membranes such as the blood-brain barrier. 

15 Diagnostic agents, including radiopharmaceuticals, arc encompassed 

by the expression "drug" or the like as used herein. Any diagnostic agent 
which can be d^vatized to afford a phosphonate derivative of formula (I) 
which will penetrate biological membranes, e.g. the BBB, and concentrate 
in the target organ, e.g. the brain, in its negatively charged form and can 

20 be detected therein is encompassed by this invention. The diagnostic may 
be "cold" and be detected by X-ray (e.g. radiopaque agents) or other 
means such as mass spectrophotometry, NMR or other non-invasive 
techniques (e.g. when the compound includes stable isotopes such as C13, 
N15, 018, S33 and S34). The diagnostic altematively may be "hot", i.e. 

25 radiolabelled, such as with radioactive iodine (I 123, I 125, I 131) and 
detected^maged by radiation detection/imaging means. Typical "cold" 
diagnostics for derivation herein include o-iodohippuric acid, iothalamic 
acid, iopydol, iodamide and iopanoic acid. Typical radiolabelled 
diagnostics include diohippuric acid (I 125, I 131), diotyrosine (I 125, I 

30 131), o-iodohippuric acid (I 131), iodialamic acid (I 125, 1 131), 

thyroxine (I 125, I 131), iotyrosine (I 131) and iodometaraminol (I 123). ^ 
In the case of diagnostics, unlike the case of drugs which are for the 
treatment of disease, the "locked-in" negatively charged form will be the 
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fonn that is imaged or otherwise detected, not the original diagnostic 
itself. Moreover, any of the drugs disclosed herein which are intended 
for the treatment or prevention of medical disorders but which can be 
radiolabelled, e.g. with a radioisotope such as iodine, or labelled with a 
stable isotope, can thus be converted to a diagnostic for incorporation into 
the phosphonate of formula (I). 

When the drug selected for derivarization according to the present 
invention is to be linked to the phosphonate moiety via a secondary or 
tertiary hydroxyl, or via a hindered hydroxyl, it may be desirable to use a 

bridging group -CH-O- as described above for linking amide and imide 
groups to die phosphonate, ratiier than a direct bond between the drug's 
hydroxyl group and the phosphorus atom. 

The compounds of formula (I) can be prepared by a variety of 
synthetic procedures tailored to the structure of die particular drug to be 
derivatizcd, particularly to die nature of rfie reactive functional group to 
be linked to die phosphonate moiety, die identity of the bridging group, if 
any, and the presence of odier functional groups which may benefit ftom 
protection. In preferred embodiments of die invention, die drug contains 
a reactive hydroxyl group susceptible to direct bonding to die phosphorus 
atom in the phosphonate moiety. It is also preferred for simplicity's sake 
that the selected drug not require protection of othef functional groups, 
aldiough such groups can be protected when necessary. The 
ILLUSTRATIVE SYNTHETIC METHODS set fordi hereinafter 
describe various mediods for die preparation of die compounds of die 
invention, while die EXAMPLES which follow iUustrate diese and 
alternative methods. These mediods can be summarized as follows for 
drugs in each of die major structural categories, wherein die definitions of 
die structural variables as set forth above in conjunction widi formulas 
(la) to (If): 

The compounds of formulas (la) and (lb) can be syndiesized by 
contacting die drug. D-OH or D-SH, respectively, widi a substituted 
phosphonic dichloride R,P(0)Cli, e.g. CH3p(0)Cl„ in pyridine. The 
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resuitant compound of the formula 



D-O-P-OH or D-S-P-OH 

R, R, 



respectively, is then created with aqueous sodium hydroxide and aqueous 
silver nitrate to afford the corresponding silver salt, 



O O 
II il 

D-O-P-OAg or . D-S-P-OAg 

\ I 
R, R, 



respectively. Reaction of the silver salt with R3C-OCH-I, e.g. 

R2 



O 

(QEi3)3CCOCH2lt affords the coiresponding compound of fonnula (la) or 

15 (lb), respectively. 

A pieferred novel process which is more reliable and easily 
applied than that described above utilizes a cesium salt catalyst. The first 
step, a base-cataly:^ reaction of the drug, D-OH or D-SH, respectively, 
with a substituted phosphonic dichloride RiP(0)Cl2, e.g. CH3P(0)Cl2, 

20 proceeds as descrSsed above. The base may be sodium carbonate, 

potassium carbonate or a tertiary organic amine such as triethylamine or 
pyridine. A non-alcoholic wganic solvent, e.g. acetone, methyl ethyl 
ketone or acetoiutrile^ is employed. The phosphinic acid derivative thus 
produced has the same formula depicted above, i.e. 

n ■ \ 

D-O-P-OH or D-S-P-OH , 

I I 
Ri R. 
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respectively. That derivative is then reacted with cesium fluoride (or 
equivalent cesium salt) and a compound of the formula RjC-OCH-I, e.g. 

k 

CH3(C3i2)4COCH2l, in a suitable organic solvent, e.g. dimethylfonnaniidc, 
acetonitrile, nitromethane, chlorofonn or dimethylaceiamide, to give the 
corresponding compound of formula (la) or (lb), xespectively. 

The compounds of foraiula (Ic) can be synthesized by reacting the 
10 drug D-COOH with chloromethyl chlorosulfate or similar compound of 
the type Cl-Z-SOaCl to give an intermediate of the type 



D-COO-Z-Cl, 



which can be reacted with a silver or cesium salt of R,P(OH)2, to afford 
15 a compound of the type 



D-COO-Z-O-P' 



That intermediate, which contains a linking group bearing a reactive 

20 -OH, can then be reacted with cesium floride or equivalent cesium salt 

O 
II 

and a compound of the fcmnula IGE^OCR, in a suitable organic solvent 
as discussed in the preceding paragraph, to give the corresponding 
compound of formula (Ic). 
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The compounds of fonnulas (Id) and (le) can be synthesized by 

reacring the drug» D NH or D-C-NH, respectively, with an 
5 ^gC^ 

appropriate aldehyde of the type R^CHO, e.g. fonnaldehyde, chloral, 
acetaidehyde, furfural, benzaldehyde or the like, in the presence of a basic 
catalyst such as potassium carbonate, to give the corresponding 

intermediate of the type D N-CH-OH or D-C-N-CH-OH. That 

Ac/ L 

O 

15 intermediate, winch contains a linking group bearing a reactive -OH, can 
then be reacted, first with RiP(0)Cl2 to give the inramediate 



D N-CH-OP^ or D-C-N-CH-O-P respectively, then 

20 ^C R: R4 ^R/ 



with cesium floride or equivalent cesium salt and a compound of the 

O 
II 

formula R3C-OCH-I in a suitable organic solvent, as discussed 

25 R2 

hereinabove for the hydroxy-containing drugs, to give the corresponding 
compound of fommla (Id) or (le), respectively. Drugs containing reactive 
primary or secondary sulfonamide functions (D-SOjNH or D-SO2NHR4) 
can be derivati2£d similarly to the primary or secondary carboxamide- 

30 containing drugs to give analogous compounds of formula (I) and are 

within the ambit of the present invention. The identity of the R^ group in 
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the secondary amides and sulfonamides, like the group in fonnula (If), 
is immaterial in that it is of course pan of the drug residue itself and is 
left unchanged by derivatization in accord with this invention. 

The compounds of formula (If) can be synthesized by reacting the 
drug DNHR,, with a halo(oprionally substituted methyl)chloroformate to 
give an intermediate of the type 



D-N-CO-CH-halogen, 
R4 

O 

which can tiien be reacted with a silver or cesium salt of R,l^(OH)j, to 
afford a compound of the type 



15 



D-N-CO-CH-P 



That intermediate, which contains a linking group bearing a reactive 
-OH, can tiien be reacted with cesium floride or equivalent cesium salt 

O 

and a compound of die formula ICHjOCRj in a suitable organic solvent 
as discussed hereinabove, to give die corresponding compound of formula 
(If). 

When required, the various protecting groups for hydroxyl, 
carboxyl and amino functions discussed above can be substituted for die 
hydroxyl, carboxyl and amino functions in the instant conqrounds or tiicir 
precursor molecules by methods well-known in die art Most firequentiy, 
die r Jtecting group will first be introduced into die drug molecule by 
well-known mediods and the protected drug will dien be subjected to die 
processes described above for preparation of the instant compounds. 
Meriiods for chemical removal of the protecting groups (when such are 
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not to be retained in the phannaceutically useful end product) are likewise 
well-known to those skilled in the art. Typically, amine protecting groups 
are chemically removed by acidolysis (acid hydrolysis) or hydrogenation, 
depending on the particular protecting group employed. Hydroxy! and 
carboxyi protecting groups are typically removed chemically by acid or 
base hydrolysis. Protecting groups which are incorporated into the 
pharmaceurical end product must be amenable to hydrolytic or metabolic 
cleavage in vivo. 

The starting materials needed for the various processes described 
above are commercially available or can be readily prepared by known 
methods. 



n^MISTRATIVE SYNTHETIC METHODS 
L Methods for iterivatizing ^OH and *SH Functions in Dross 

METHOD A 

The drug containing a reactive hydroxyl or mercapio function is 
reacted with CH3P(0)Cl2 (methyl phosphonic dichloride) in a non- 
alcoholic organic solvent such as acetone, in the presence of sodium 
carbonate or other appropriate basic catalyst, to afford the intermediate 
phosphonic acid derivative. Hie phosphonic acid intermediate is then 

reacted with cesium fluoride and (CH3)3CCOCH2l in an organic solvent 
such as dimethylformamide to give the desired compound of formula (la) 
or (lb). The representative drugs depicted below ("Starring Material") 
may be derivatized in this manner, first to the phosphonic acid 
mtermediate ("Intermediate"), and then to the corresponding compound of 
formula (la) or (lb) ("Final Product"). 
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In the process of METHOD A described above, the intennediates 
and final products shown are not always the only intennediates and final 
pnxiucts obtained in significant anwunts; yet other intennediates and final 
products of formulas (la) and (lb) may be obtained which are 
encompassed by the present invention. 

Thus, for example, when the drug containing a reactive hydroxyl 
or mercapto function also contains a reactive imide or amide function, in 
addition to die major product which is depicted above, dierc may be 
isolated a minor product in which the hydroxy function is derivatized as 
shown while the amide or imidc function is acyloxyalkylated. The minor 

O 

product wiU be produced in a larger amount if excess (C3^),CC0CHjI or 
analogous reagent is employed in die final step. In die case of 
zidovudine (AZT), die minor product resulting ftoin METHOD A has die 
formula 




wWle die major product is tiiat depicted with METHOD A. Drags such 
as tiazofurin, 5-FUDR (floxuiidine), ribavirin, 6-azauridine, acyclovir, 3- 
deazaguanosine. ganciclovir (DHPG), 6-azauridine, idoxuridinc, trifluridine, 
dideoxyinosine (DDI), dideoxydehydrotiiymidine, BVDU, FIAU, FMAU, 
FIAC Ara-T, EEAU, selenazofurin and buciclovir (DHBG) may be 



-no. 

acyloxyalkylated at the amide or imide nitrogen in a similar manner to 
zidovudine; derijvatives of this type are even more lipophilic than the 
major products depicted hereinabove where the imide or amide group is 
unicacted- 

As another example, when the selected drug contains multiple 

reactive hydroxyl functions, a mixture of intermediates and final products 

may again be obtained. In the unusual case in which all hydroxy groups 

are equally reactive, there is not expected to be a predominant product 

(unless all would give the same product, e.g. ganciclovir), as each mono- 

substimted product will be obtained in approximate by equal amounts, 

while a lesser amount of muldply-substimted product will also result 

Generally speaking, however, one of the hydroxyl groups will be more 

susceptible to substitution than the other(s), e.g. a primary hydroxyl will 

be mote reactive than a secondary hydroxyl, an unhindered hydroxyl will 

be more reactive than a hindered one. Consequendy, the major product 

will be a monoH|ttbstituted one in which the most reactive hydroxyl has 

been derivatisEed, while other mono-substituted and multiply-substituted 

products may be obtained as minor products. In this instance, too, 

O 
II 

control of the amount of (CH9)3CCOCHJ or analogous reagent affects the 
amounts of the various products obtained. Drugs which may afford other 
hydroxy-substituted (mono- or multiply-substimted) derivatives in addition 
to those depicted for METHOD A include pentostatin (2'-deoxycofor- 
mydn), vidmabine (Ara-A), S-FUDR (floxuridine), cytaxabine (Ara-C), 
apomorphine, morphine, nalbuphine, nalorphine, buprenorphine, (S)-9- 
(2,3-dihydroxyprqpyl)adenine, ganciclovir (DHPG), idoxuridine, 
trifluridine, BVDU, FIAU, EMAU, HAG, Ara-T, FEAU, cyclaradine, 
buciclovir (DHBG), ethinyl estradiol, estradiol, ethynodiol, cortisone, 
hydrocortisone, betamethasone, draamethasone, flumethasone, 
fluprediusolone, methylprediusolone, meprednisone, prediusolone, 
predrusone, triamcinolone, triamcinolone acetonide, cortodoxone, 
fludrocortisone, fliirandrenolide, paramethasone and the like. 
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In the special instance in which the selected drag contains muitipie 
reactive hydioxyl functions which are positioned in such a manner diat 
they may form an undesired cyclic product when subjected to die process 
of METHOD A, a syndieric route other than that of METHOD A may 
be generally picfeired. Thus, in die case of nucleoside-type antivirals and 
antineoplastics having hydroxyls at bodi tiie 2'- and 3'-positions as weU as 
at the 5'-position, a product which is dcrivatized only at die 5'-position 
(i.e. as depicted widi METHOD A) is prefeired, and such product is 
most advantageously produced by use of a transitory protecting group 
such as die acetonide group described in METHOD F hereinbelow. 
Drags such as dihydro-5-azacytidine, tiazofuiin, 6-MMPR, 5-azacytidine, 
ribavirin, 3-deazaguanosine. 6-azauridine, 5,6-dichoro-l-|5-D-ribofuranosyl- 
benzimidazole, 5,7-dimethyl-2-P-D-ribofuranosyl-s-tria2ole (1,5- 
a)pyTimidine, 3-deazauiidine, 6-azauridine, 3-deazaaiistaomycin, 
neplanocin A. selenazofurin and 3-deazaadenosine tiius are preferably 
subjected to METHOD F to afford die preferred 5'-derivatized products 
depicted widi METHOD A. 



METHOD B 



The process of METHOD A is repeated, except that an equivalent 
quantity of phenyl phosphonic dichloride is used in Ae first step in place 
of methyl phosphonic dichloride. When each of the representative 
starting materials listed witii METHOD A is subjected to this process, 
die intermediate phosphonic acid derivative has the partial formula 

^ o OH 



"P^ r— \ ifistrad of -P 



CH, 



as depicted in die intermediate column, and die &xal pnxiuct of formula 
(la) or (lb) is as depicted in METHOD A, except duit die 
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O 
It 

O^OCHiOCC(CH,)3 



portion of the product is replaced with 



O 
li 

O OCHjOCCCCH,), 




in each instance. 

METHOD C 

The process of METHOD A is repeated, except that in the second 
? 

step the (CH3)3CCOCF^I reactant is zeplaced with an equivalent quantity 

of CH3(CH2)4C0C2y. When each of the representative starting naaterials 
listed with IVDETHOD A is subjected to this process, each of the 
intermediate pho^honic add derivatives is as depicted in the intermediate 
column, while the corresponding final product of formula (la) or (lb) 
differs from that depicted in METHOD A in riiat the 



If 

O^OCH20CC(CH3)3 



portion of each product is replaced with 
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O 
li 

O OCHjOC(CH,),CH, 
^CH3 



METHOD D 

The process of METHOD A is repeated, except that in the second 

O 
II 

step the (CH,),CC0CH2l reactant is replaced with an equivalent quantity 
O CH3 
if ' 

of CH3(CH2)4COCHI. When each of the representative starting materials 
listed with METHOD A is subjected to this process, each of the 
intermediate phosphonic acid derivatives is as depicted in the intermediate 
column, while the corresponding final product of formula (k) or (lb) 
differs from diat depicted in METHOD A in that the 



O 

(j>^OCH,OCC(CH3)3 



portion of each product is replaced with 



O OCHOC(CH04CH3 
-P O 
CH, 
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METHOD E 



Hiis is a modification of the basic method described in 
METHODS A-D for drugs containing multiple hydroxyi substituents, 
particularly for the nuclcoside-type antivirals and antineoplastics. The 
drug selected as the starting material contains one primary hydroxyi 
substituent and one or more secondary hydroxyi substiments. When the 
drug is a nucleoside-typc containing a ribofuranosyl grouping, the primary 
hydroxyi is in the 5'-position, while the secondary hydroxyl(s) is/are in 
the 2'- and/or 3 rposiuon(s). Drugs of this type are exemplified by, but 
not limited to, vidarabine, cytarabine, ribavirin, 3-deazaguanosine, 
idoxuridine, BVDU, FIAU, FMAU and the like. 

The selected nucleoside starting material as described above is 
reacted with 4,4'-dimethoxytrityl chloride to give the 5'-(4,4'- 
dimethoxytrityl)etiier derivative. The 2'- and/or 3'-hydroxy group is then 
esterified by reaction with a variety of acid anhydrides such as pivaloyl, 
benzoyl, isobuty]^! or acetyl to give the 2'- and/or S'^-ester groupings. 
The resultant c(nxQX)und is then treated with acetic add to regenerate the 
5'-hydroxy tDxAtty. The 2'- and/or 3^-protected compound with a ftee 5'- 
hydroxy group is thereafter utilized as the starting material in the process 
of any of METHODS A-^D to give the compound of the invention with a 
phosphonate moiety at the 5^-posidon and pro^ted ester gn>uping(s) at 
the 2'- and/or 3'-position(s). 

METHOD F 

A starting material with multiple hydroxyi substiments is selected 
as described in the first paragraph of METHOD E, except that the 
selected conipound must contain hydroxyis at both the 2'- and 3^-positions 
as well as the S^-position, e.g. ribavirin, 3-deazaguanosine or the like. 
Reaction with acetone gives the 2^3'-0-acetonide. That protected 
intermediate can then be used as the starting ma^rial in the process of 
any of METHODS A-D, followed by, if desired, removal of the 
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acetonidc proiecring group with foraiic acid, to give the same compound 
of the invention as depicted as the final product of METHOD A. 

METHOD G 

This is a variation of METHODS A-D used when the drug also 
contains one or more -COOK function(s) which is/aie to be protected. 

The drug, e.g. a valproic acid metabolite such as 5-hydroxy-2-n- 
propylpentanoic acid, sermatacin or the like, is first converted to the 
corresponding ethyl, t-butyl or similar ester grouping by well-known 
esterification methods. That ester is then used as die starring material 
and METHOD A, B, C or D is repeated to give the desired compound 
of the invention. 

II- Methods for Derivatizin y Imide or Amide Functions in Dnig^ 

METHOD H 

The drug containing a reactive amide or imide functional group is 
reacted witii formaldehyde in the presence of potassium carbonate or other 
suitable basic catalyst, converting the 



or -C-NH 
I 

R4 

group in the imide or amide, respectively, to a 
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N-CHjOH or -C-N-CHjOH 



grouping. The resultant drug with bridging group appended (hereinafter 
referred to as the "bridged drug") is then subjected to the two-step 
process as described in METHOD A above. The representative drugs 
depicted below ("Starting Material") may be derivatized in this manner, 
first to the bridged drug (not shown), then to the phosphonic acid 
intermediate ("Intermediate") and finally to the corresponding compound 
of formula (Id) or (le) ("Final Product"). 

Obviously, the variations of METHOD A described in 
METHODS B, G and D can be readily applied to the bridged drugs 
prepared in the first step of METHOD H, affording yet other compounds 
of formulas (Id) and (le). 
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METHOD r 

The process of METHOD H is repeated, except that acctaidehyde 
is used in the first step in place of fotmaldehyde. The bridged drug of 
the type 



O 
(1 

D-C-N-CHOH 
I I 

R4CH, 

is then subjected to the two-step process described in METHOD A to 
afford the corresponding compounds of formulas (Id) and (le). 

This process can be readily modified in the manner described in 
the final paragraph of METHOD H to give yet other compounds of 
formula (Id) and (le). 



D ^N-CHOH or 



m. Methods for Darivari«i.^p Carh««vl FimrrioiK, 

in Drugs 

METHOD J 

The drug containing a reactive carboxyl functional group is reacted 
widi l-chloroethyl chlorosulfate to convert the -COOH group to a 
-COOCHCl substinient, which is then reacted with the mono- or 
CH, g 

di-cesium salt of CH,P(OH), to afi&wd die corresponding phosphonic acid 
intermediate. That intermediate is then subjected 10 the final step of die 
process described in METHOD A, using cesium fluoride and 

(CHs)3CC0CHjI, to afford the desired canpound of formula (Ic). The 
representative drugs depicted below ("Starting Material") may be 
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derivatized in diis manner, first to the chloroediyl derivative (not shown), 
then to the phosphonic acid inteimediate ("Intermediate") and finally to 
the corresponding compound of formula (Ic) ("Final Product"). 

Obviously, the foregoing procedure can be modified in many ways, 
e.g. by varying the final step as described in METHOD C, affording yet 
other compounds of formula (Ic). 



wo 92/00988 



PCr/US91/04824 



-129- 





wo 92/00988 



PCr/US91/04824 



-130- 



1 

•a 

a 



X 

u 
u 

Oasu 
O 



O (*i 
X X 

u— u 

I 

o 

8 ~ 

X X 

u— u 

X X 

X- 



X 

(J 



u 
o 
o 

X 

u- 
o 



X 



u 
u 



X 

u 



X X 

o 

5-5 

« 8 ~ 



U 



6 



5 

XX ' 

a u o 
« o 



o 



7\ 



X 

o 
o 

o «>• 
X X 

5 5 

X X 

Hn ^ 

X 

u 



u 

1 

"(5 

> 



X 

u 

u 
o 
o 

X 



u 

E 
o 



wo 92/00988 



PCT/US91/04824 




wo 92/00988 



PCr/US91/04824 




wo 92/00988 



PCr/US91/04824 




wo 92/00988 



PCT/US91/04824 



-135- 






wo 92/00988 



PCT/US91/04824 




wo 92/00988 



PCr/US91/04824 



-139- 



X 

u 





wo 92/00988 



PCr/US91/04824 



-140- 



METHOD K 



When the drug containing a reactive carboxyl functional group is 
sufficiently bulky, it can hinder the -O-Z-O- bridging group. In such a 
case, Z can be, and preferably is selected to be -CHj-, and METHOD J 
is modified by replacing the 1-chloroethyl chlorosulfate reactant in the 
first step with chloromethyl sulfate, and otherwise proceeding as detailed 
in that method. Drugs such as oxacillin, carbcnicillin, benzylpenicillin, 
hetacillin, nafcillin, cloxacillin, cephalothin and cefoxitin can be 
derivatized in this manner, first to the coiicsponding chloromethyl 
derivative by converting the -COOH group to a -COOCHjCl group, then 
to the phosphinic acid intermedia^ of the partial stracture 



and then to the desired cona|)Oimd of formula (Ic) having the partial 
fannula 




O ^OH 



CH, 



O 
II 

ocaijOcacHa), 



-COO-CHj-O] 



CH, 



This method can of course be modified in many ways, e.g. by 
varying the final step as described in METHOD C. 
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IV. Mrthods for Derivatizing Amino Functions in Dnigs 

METHOD L 

The drug containing a reactive amino functional group is reacted 
with 1-chloroethyl chlorofonnate. 



a-co-CH-a, 

I 

CHj 

?l 

to replace a hydrogen atom of the drug's amino group with a -COCH-Cl 
grouping. Subsequent reaction with the mono- or di-cesium salt of 
O 

CH,P(OH)2 affords die corresponding phosphonic acid intermediate. That 
intermediate is then subjected to the final step of die process described in 

METHOD A, using cesium fluoride and (CH,),(:loCHaI, to affoid die 
desired compound of formula (If). The representative drugs depicted 
below ("Starting Material") may be derivarized in dus manner, first to die 
1-chloroedioxycarbonyl derivative (not shown), dien to die phosphonic 
add intermediate ("Intermediate") and finaUy to die corresponding 
compound of formula (Jf) ("Final Product"). 

The foregoing procedure can be modified in many ways, for 
example by varying die final step as described in METHOD C, affording 
yet odier compounds of formula (If). Further, when die drug is 
sufficientiy bulky, die process of METHOD L may be modified by 
utilizing chloromediyl chloroformate as die reactant in die first step. 
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METHOD M 

This is a variation of METHOD L used when the drug also 
contains one or more -COOH functions which is/are to be protected. 

The drug, e.g/ GABA, meiphaian, tryptophan or the like, is first 
convened to the coiresponding ethyl, t-butyl or similar ester grouping by 
well-known esterification methods. That ester is then used as the starting 
material and METHOD L is repeated to give the desired compound of 
the invention. 



In order to further illustrate the compounds of the invention and 
the methods for their preparation, the following synthetic examples are 
given, it being understood that same are intended only as illustrative, as 
many modifications in materials and methods will be apparent to those 
skilled in the art. 

In the examples to follow, all melting points were taken on a Mel- 
Temp apparatus and are not corrected. Elemental analyses were 
performed at Atiantic Microlabs, Inc., Atianta, Georgia. 
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EXAMPLE 1 

A solution of testosterone (5 g, 17.4 mmol) in dry pyridine (17 
mL) was added dropwise at -3 to Of C. over a 25 minute period to a 
stirred solution of methylphosplionic dichloride, CHjPCOClz (4.6 g, 34.7 
5 mmol). The resultant mixture was stirred for one hour at room 
tenq}erature, then poured into ice water, neutralized with sodium 
bicarbonate and extracted with two 175 mL portions of ether. The ether 
extracts were washed with 175 mL of saturated aqueous sodium 
bicarbonate solution. The aqueous layer was acidified with 4 N 
10 hydrochloric acid while cooling in an ice bath. The flask was stored in a 
refrigerator overnight. The white precipitate which formed was removed 
by filtration, washed with cold water and dried under vacuum at 50 to 
60'C. Yield 4.31 g, 68%. Recrystallization of a portion of the product 
with aqueous methanol gave crystals melting at 198-201' C. NMR values 
15 were consistent with the assigned structure: 



O 




EXAMPLE 2 

The phosphonic add derivative produced in EXAMPLE 1 (4.3 g, 
11.7 mmol) was dissolved in 2 N aqueous sodium hydroxide solution 
(6.16 mL, 12.32 mmol). A few drops of phenolphthalein solution were 
20 added and the alkaline solution was neutralized wivh 2 N nitric acid until 
the red color due to phenolphthalein disappeared Then, a solution of 
silver nitrate (2.0 g, 11.7 mmol) in 6 mL of water was added in die dark. 
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The resultant mixture was allowed to stand in the dark overnight. The 
precipitate which foraaed was removed by filtration and washed with cold 
water, also in the dark. The grayish white material was dried in vacuo in 
the dark at 60 to 80** C. and was used in the procedure of EXAMPLE 3 
5 below without further purification. The crude silver salt, obtained in 98% 
yield (5.47 g)/ hifd the structural formula: 




EXAMPLE 3 



Sodium iodide (24.73 g, 165 mmol) was added to a solution of 
chloromethyl pivaiate (5 g, 33 mmol) in dry acetone (40 mL). The 

10 mixture was stirred for 4 hours at room temperature. Insoluble materials 
were removed by filtration and washed with fresh acetone. The filtrate 
was evaporated, and hexane and 5% aqueous sodium ttuosulfate solution 
were added to the residue. The mixture was thoroughly shaken, then the 
organic layer was separated and washed with 5% aqueous sodium 

15 thiosulfate solution. Drying over sodium sulfate, followed by evaporation 
of tfie solvent, afforded 7.03 g (88% yield) of yellow liquid which was 
used in the procedure of EXAMPLE 4 without further purification. The 
structure of the jrotiuct, (CH3)3CC(X)CH2l, was confirmed by NMR 
analysis. 

20 - EXAMPLE 4 



Crude iodomethyl pivaiate (160 mg, 0.66 mmol) was dissolved in 
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2 mL of benzene and washed successively with 5% aqueous sodium 
thiosuifate (1 mL) and water (1 mL x 3) and dried over anhydious 
sodium sulfate. That solution was dropped into a stirred suspension of 
tiie silver salt obtained in EXAMPLE 2 (250 mg, 0.53 mmol) in 5 mL 
5 of dry benzene under nitrogen in die dark over a seventeen minute period. 
The resultant mixture was stirred at room temperature ovemight. 
Insoluble materials were removed by filtration and die filtrate was 
washed, once with sodium tiiiosulfate solution and three times with water, 
then dried over magnesium sulfate. Evqx)ration of the solvent gave a 
10 yellowish viscous oil. The crude product was purified by column 

chromatography on silica gel, using 1:1 hexanc-etiiyl acetate as eluent. A 
siightiy yellow viscous oil was obtained in 31% yield (80 mg). NMR 
values were consistent with the assigned structure: 




3 



O 



EXAMPLE S 



15 To a mixture of hexanoyl chloride (25 g, 0.186 mol) and 

parafomialdehyde (5.58 g, 0.186 mol) in an ice batii was added a 
catalytic quantity (550 mg) of zinc chloride. An exoriiermic reaction 
resulted. After die reaction subsided, die mixture was heated at 90 to 
100* C. for 4.5 hours. Purification by reduced distillation gave 22.79 g 

20 of tiie desired compound as a colorless liquid in 75% yield, boiling point 
37-40" C.A).55 mm. NMR analysis confiimed die identity of die product 
as chlorometfiyl hexanoate, CH,(CHj)4CCX)CH,CI. 
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EXAMPLE 6 



Chloromethyi hexanoate (205 mg, 1.25 mmoi) was stirred with 
sodium iodide (900 mg, 6.0 mmol) in 3 mL of dry acetone for 4 hours at 
room temperature. Work-up followed the procedure detailed in 
EXAMPLE 3 above for the preparation of iodomethyl pivalate. 
lodomethyl hexanoate, CH3(CH2)4COOCH2l, was obtained as a yellow oil 
in 78% yield. NMR values were consistent with the assigned structure. 

EXAMPLE 7 



The silver salt prepared in EXAMPLE 2 (4.55 g, 9.66 mmoi) was 
suspended in 60 mL of dry benzene. To the stirred suspension was 
added a solution of iodomethyl hexanoate (2.95 g, 11.52 mmol) in 15 mL 
of dry benzene at room temperature under a stream of nitrogen in the 
dark over a 30 minute period. The resultant mixture was stirred at room 
temperature overnight Insoluble materials were removed by filtration and 
the filtrate was washed, first with 5% aqueous sodium tfaiosulfate solution 
and then three times with water. The organic layer was dried over 
anhydrous magnesium sul&te and then evaporated to give an oily crude 
product The erode product was purified by column chromatography on 
silica gel, using first 2:3 hexane-ethyl acetate and then 3:1 
dichloromethane-ethyl acetate as eluents. Obtained in this manner as a 
pale yellow viscous oil in 21% yield (1.11 g) was the desired 
phosphonate derivative of the formula 
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NMR values were consistent with the assigned structure. Anal. calccL for 
QtH^OsP: C, 65.57; H, 8.76. Found: C, 65.38; H, 8.84. 



Zidovudine (10.0 g, 37.4 mmol), sodium carbonate (11.9 g, 112 
mmol), methylphosphonic dichloride (14.9 g, 112 moi) and acetone (50 
mL) were combined under a stream of nitrogen, and the mixture was 
stirred at room temperature for 17 hours. To the ice-cooled, stirred 
residual mixture, water (4.0 mL, 225 mmol) was added dropwise, 
followed by 60 mL of methanol. To the resultant suspension was added 
Florisil* (100 g), and the mixture was evaporated to dryness. The crade 
material was purified by column chromatography on Florisil* (200 g) with 
dichloromediane-metiianol (20-1:1, gradation) as an eluent to give 4.33 g 
of a crude amorphous soUd. The crude soUd was dissolved in methanol 
(21.6 mL), then 216 mL of ether were added. The precipitate which 
formed was collected by filtration and washed with ether. The resulting 
pale yellow amorphous solid was dried ia vacuo and used in the 
procedure of EXAMPLE 9 without further purification. Yield 31.3% 
(4.05 g). NMR values were consistent wirii tiie assigned structure: 



The phosphonic acid derivative produced in EXAMPLE 8 (4.50 



EXAMPLE 8 



O 




EXAMPLE 9 
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13 mmol), cesium fluoride (4.41 g, 29 mmol), freshly prepared 
icxiomethyl hexanoate (6-68 g, 26 mmol) and dimethyiformamide (45 mL) 
were mixed under a stream of nitrogen and stirred at room temperature 
for 19.5 hours. The reaction mixture was then poured into 300 mL of 
ether and washed successively with water (1(X) mL), 5% aqueous sodium 
thiosulfate solution (100 mL) and again with water (100 mL). Each 
aqueous layer was extracted with one 100 mL portion of ether. The ether 
layers were combined, dried over magnesium sulfate, filtered and 
concentrated to give 3.95 g of brown oil. The crude material was 
purified by column chromatography on silica gel (40 g) using hexane- 
ethyl acetate (1 to -0:1, gradation) as eluent to give L03 g of a slightiy 
yellow viscous oil (16.7% yield). The product, whose structure was 
confirmed by NMR and elemental analyses, had the fonnula: 



Anal, calcd for GxjHaiNsO^^jP: C, 43,20; H, 6.24; N, 13.99. Found: C, 
42.94; 5,95; N, 14.12. 



Hexanoyl chloride (S.S mL» 37 mmol) and acetaldefayde (4.2 mL, 
74 mmol) were combined under a stream of nitrogen and stirred in an ice 
bath. To that solution was added a catalytic quantity of zinc chloride. 
Within 30 seconds, an exothermic reaction (-8" C. 43" C.) occurred. 
The reaction mixture was maintained in an ice bath for 30 minutes, then 
was poured into 1(X) mL of hcxane. The hexane solution was washed 



O 




EXAMPLE 10 
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successively with saturated aqueous sodium bicarbonate solution (2 x 50 
mL) and saturated aqueous sodium chloride solution (50 mL). The 
organic layer was separated, dried over magnesium sulfate, filtered and 
concentrated to give 7.81 g of I'-chloroethyl hexanoate, 
5 CHj(CHi)4COOCH(CH3)Cl, as a slightly yellow oil. It was used in the 
procedure detailed in EXAMPLE 11 below without further purification. 
NMR analysis confirmed the identity of the product 

EXAMPLE II 

Sodium iodide (27.9 g, 186 mmol) and acetonitrile (39 mL) were 
10 combined under a stream of nitrogen and stirred at a temperature below 
10» C. To that solution was added dropwise I'-chloroetiiyl hexanoate 
(7.80 g) in 39 mL of acetonitiile at a temperature below 10° C. The 
reaction mixture was stirred for 3 days at 0" to 10° C. Insoluble 
materials were removed by filtration and washed with acetonitrile. The 
15 filtrate was evaporated and hexane (100 mL) and water (100 mL) were 
added to the residue. The mixture was thoroughly shaken, then the 
organic layer was separated and washed successively with 5% aqueous 
sodium thiosulfate solution (100 mL x 2) and water (100 mL). Each 
aqueous layer was extracted with one 50 mL portion of hexane. The 
hexane layers were combined, dried over magnesium sulfate, filtered and 
concentrated to give 7.77 g of yellow oil (77.5% yield). Hie crude 1'- 
iodocthyl hexanoate, C3i,(CHj)4COOCH(C3I,)I, was used in the procedure 
of EXAMPLE 12 without further purification. NMR analysis confinned 
the identity of the product. 

25 EXAMPLE 12 

The phosphonic acid daivative of testosterone prepared in 
EXAMPLE 1 (2.20 g, 6 mmol), I'-iodoethyl hexanoate (3.24 g. 12 
mmol), cesium fluoride (2.01 g, 13.2 mmol) and dimethylfonnamide (22 
mL) were combined under a stream of nitrogen. The mixture was stirred 



20 
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in a water bath for 3 days. Work-up followed the procedure detailed in 
EXAMPLE 9 above for the preparation of the zidovudine derivative. 
The crude material was purified by column chromatography on silica gel 
(42g), using 1:1 faexane-ethyl acetate as eluent, to give 0.39 g (12.8% 
5 yield) of the desired product of the formula 

O O 




The identity of the product was confiinicd by NMR and elemental 
analyses. Anal, calcd. for CiiH«0«P: C, 64.98; H, 9.01. Found: C, 
64.97; H, 8.96. 



Pieliminaiy biological tests have been conducted on the 
10 tesrasterone phosphonate pitpaicd in EXAMPLE 7 and the zidovudine 
(AZT) phosphonate i«epaied in EXAMPLE 9. Incubation of the 
tesmsterone phosphonate in various organ homogenates leads to a rapid 
decomposition of the acyloxyalkyl phosphona© estra:. The half-life of tiie 
matraial is aHooximately 320 seconds in rat blood, 460 seconds in rat 
15 brain hranogiMiate and 120 seconds in rat liver homogenate. The 
disappearance of the estw: is associated witii the appearance of the 
testosterone nosdiyl phosphonate. In a preliminary in vwo study, 
conversion of the adndnisteted acyloxyalkyl phosphonate of tesrasmone to 
both tesmsterone and testosterone methyl phosphonate was detected in 
20 various OTgans, and specifically in the brain. In the case of tiie 
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zidovudine derivative, the methyl phosphonate derivative was similariy 
detected in the brain. 

The compounds of formula CI) which are provided by this 
invention are typically administered to mammals by incorporating the 
selected compound into a pharmaceutical composition comprising the 
compound or a non-toxic pharmaceutically acceptable salt thereof and a 
non-toxic pharmaceutically acceptable carrier therefor. The compound or 
its salt is employed in an effective amount, i.e. an amount sufficient to 
evoke the desired pharmacological response. The compounds of the 
invention are designed to elicit the kind of pharmacological response 
which would be obtained by delivery of tiie parent drug itself to the 
desired site of action, especially to the brain. Thus, for example, when 
the parent drug is an antiviral, die derivative of formula (I) will be 
administered in an amount sufficient to elicit an antiviral response; when 
die parent drug is an antineoplastic, the derivative of formula (I) will be 
employed in an amount sufficient to elicit an antineoplastic, i.e. anticancer 
or antittunor, response; when die parent drug is an antibiotic, the 
derivative of formula (I) will be used in an amount sufficient to evoke an 
antibiotic response; when die parent drug is a sterc^ sex hormone, die 
derivative of formula (I) will be used in an anoount sufficient to evoke an 
androgenic or estrogenic or progestational effect (depending on die 
identity of die parent drug); when die parent drug is an antiinflammatory 
agent, die derivative of formula (I) will be administered in an amount 
sufficient to elicit an antiinflammatory response; and so fonh. 

Suitable non-toxic pharmaceutically acceptable earners for use witii 
die selected compound of formula (I) will be apparent to diose skilled in 
die art of phannaceutical formulation. See, for example, Rt-minpmn'g 
Pharmaceutical Sciences, seventeendi edition, ed. Alfonso R. Geimaro, 
Mack PubUshing Conq)any, Easton, PA (1985). Obviously, die choice of 
suitable carriers will depend upon riie exact nature of the particular 
dosage form selected, as well as upon die identity of die compound to be 
administered. The tiierapeutic dosage range for a compound according to 
diis invention will generally be die same as, or less dian, tiiat which 
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would characteristically be used for administration of the parent drug 
itself. Naturally, such therapeutic dosage ranges will vary with the 
particular compound of formula (I) used, the size, species and condition 
of the subject, the severity of the subject's condition, the particular 
5 dosage form employed, the route of administration and the like. And the 
quantity of given dosage form needed to deliver the desired dose will of 
course depend upon the concentration of the compound of formula (I) in 
any given pharmaceutical composition/dosage form thereof. In addition, 
to further enhance the site-specificity of the compounds of the invention, 
10 the active ingredient may be formulated into a sustained release carrier 

system and/or a route of administration may be selected to slowly release 
the chemical, e.g. subcutaneous implantation or transdermal delivery. 

Routes of administration contemplated for the compounds of 
fomiula (I) and pharmaceutical compositions containing them are any of 
15 the routes gen^aHy used for treatment of the types of conditions for 
which the parent drugs are administeied. These include parenteral 
(intravenous, intramuscular, subcutaneous), vaginal, rectal, nasal, oral and 
buccal routes. Appropriate dosage forms for these routes of 
administration will be apparent to those skilled in the art 
20 Obviously, in the case of diagnostic agents, the dosage of the 

formula (I) compound used will be a quantity sufficient to deliver to the 
target body area an amount of radioisotope, stable isotope or the like 
which can be efisctively detected by radioimaging or other detection 
means. The amotmt of radioisotope, stable isotope or the like present in 
25 the dosage fcmn will be within or below the ranges conventionally used 
for diagnostic purposes. 

While the invention has been described in terms of various 
preferred embodiitnents, the skilled artisan will appreciate that various 
modifications, substitutions, omissions and changes may be made without 
30 departing from the spirit thereof. Accordingly, it is intended that the 
scope of the present invention be limited solely by the scope of the 
following claims. 
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WHAT IS CLAIMED IS : 

1. A compound of the fonnuia 



Ri O 
O OCH-OCR3 
[Di—P^ (I) 

R. 



or a phannaccutically acceptable salt thereof, wherein [D] is the residue 
5 of a drug having a reactive functional group, said functional group being 
attached, direcUy or through a bridging group, via an oxygen-phosphorus 
bond to the phosphorus atom of the 




moiety; R, is C.-C, alkyl, Q-C,o aiyl or Q-C^ aralkyl; Rj is hydrogen, 
10 Q-C, alkyl, Q-C,o aiyl, C4-C9 heteroaiyl, Q-C, cycloalkyl, Q-Q 
cycloheteroalkyl or Q-C„ aralkyl; and R, is selected firan the group 
consisting of CrQ alkyl; Q-C, alkenyl having one or two double bonds; 
(C3-C7 cycloalkyl)-C^- whaein r is zero, one, two or three, the 
cycloalkyl portion being unsubstituted or bearing 1 or 2 C1-C4 alkyl 
15 substituents on the ring portion; (Q-Qo aryloxy)C,-C, alkyl; 2-, 3- or 4- 
pyridyl; and phenyl-QHjr- wherein r is zero, one, two or three and phenyl 
is unsubstituted, or is substimted by 1 to 3 alkyl each having 1 to 4 
carbon atoms, alkoxy having 1 to 4 carbon atoms, halo, trifluoromethyi, 
dialkylamino having 2 to 8 carbon atoms or alkanoylamino having 2 to 6 
20 carbon atoms. 

2. A compound of the formula 
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D-O-P, 




(la) 



or 




(lb) 



or a pharraaceutically acceptable salt thereof, wherein D-O- is the residue 



of a drug having a reacdve hydroxyl functional group, the oxygen atom 
of said functional group being bonded to the phosphorus atom of the 



moiety; D-S- is the residue of a drug having a reactive mcrcapto 
functional group, the sulfur atom of said functional group being bonded to 
the phosphorus atom of the 



10 moiety; Ri is Q-Q alkyi, Q-Qo aryl or Q-C^ aralkyl; is hydrogen, 
CrQ alkyl, Cg-Cio aryl, C4-C9 heteroaryl. C3-C7 cycloalkyl, Q-Q 
cycloheteroalkyl or C7-C12 aralkyl; and R3 is selected firom the group 
consisting of Q-Gg alkyl; Cj-Q alkenyl having one or two double bonds; 
(C3-C7 cycloalkyl)-CTH2r' wherein r is zm, one, two or three, the 

15 cycloalkyl portion being unsubstimted or bearing 1 or 2 C,-C4 alkyl 

substiments on die ring portion; (Cs-Cw aryloxy)Ci-C8 alkyl; 2-, 3- or 4- 
pyridyl; and phenyl-CiH2j- wharin r is zero, one, two or three and phenyl 
is unsubstimted, or is substimted by 1 to 3 alkyl each having 1 to 4 
carbon atoms, allooxy having 1 to 4 carbon atoms, halo, trifluoromethyl. 
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dialkylamino having 2 to 8 carbon atoms or alkanoylamino having 2 to 6 
carbon atoms. 

3. A compound according to Claim 2. wherein R, is methyl. 

4. A compound according to Claim 2, wherein Rj is hydrogen. 

5 5. A compound according to Claim 2, wherein R, is d-C, alkyl. 

6. A compound according to Claim 5, wherein R, is (CH,),C- or 
CH,(CH^4-. 

7. A compound according to Claim 2, having fonnula (la). 

8. A compound according to Claim 7, wherein D-0- is die 

10 residue of a drug having a reactive hydroxyl functional group, said drag 
being selected from the group consisting of steroid sex honnones, 
antivirais, tranquilizers, anticonvulsants, antineoplastics, hypotensives, 
antidepressants, narcotic analgesics, narcotic antagonists and 
agonist/antagonists, CNS anticholinergics, stimulants, anestiietics, 
15 antiinflammatory steroids, nonsteroidal antiinflammatory agents/analgesics, 
antibiotics and CNS prostaglandins. 

9. A compound according to Claim 8, wherein the drug is an 
androgenic, estrogenic or progestational steroid sex honnone or an 
antiinflammatoiy steroid. 
20 10. A compound according to Claim 9, wherein die drug is 

testosterone, mediyl testosterone, mestranoi, quincstrol, ethinyl estiadiol, 
estrone, estradiol, estriol, estradiol 3-methyl etiier, estradiol benzoate, 
norgestrel, norethindrone, ediisterone, dimethisterone, allylestrenol, 
cingestol, etiiynerone, lynestrenol, noigesterone, norvinisterone, ethynodiol, 
25 oxogestone, tigestol, norediynodrel, cortisone, hydrocortisone. 

betametiiasone, dexametiiasone, flumethasone, fluprcdnisolone, meriiyl 
prednisolone, meprednisone, prednisolone, prednisone, triamcinolone, 
triamcinolone acetonide, conodoxone. fludrocortisone, flurandrenoUde or 
paramethasone. 

30 11. A compound according to Claim 8, wherein the drug is an 

antiviral or an antineoplastic. 

12. A compound according to Claim 11, wherein die antiviral or 
antineoplastic is of the nucleoside type. 
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13. A compound according to Claun 12, wherein the drug is 
zidovudine, ribavirin, (S)-9-(2,3-dihydroxypropyl)adenine, 6-azauridine, 
acyclovir, 5,6-dichloro-l-p-D-ribofuranosyibenzinudazoie, 5,7-dimethyl-2- 
p-D-ribofuranosyl-s-triazole (l,5-a)pyrimidinc, 3-deazauridine, 3- 
5 deazaguanosine, ganciclovir, 6-azauridine, idoxuridine, dideoxycytidine, 
trifluridine, dideoxyinosine, dideoxydehydrothymidine, dideoxyadenosine, 
BVDU, FIAU, FMAU, FIAC, Ara-T, FEAU, cyclaradine, 6-deoxyacyclo- 
vir, 3-deazaaristeromycin, neoplanocin A, buciclovir, selcnazofurin, 3- 
deazaadenosine, cytarabine, 5-FlJDR, vidaiabine, tiazofurin, 3''-fluoro- 

1 0 2',3-dideoxythymidine, l-(2,3-dideoxy-P-D-glycero-pent-2- 

enofuranosyl)thyinine, 3'-fluorO'2',3'-dideoxy-5-chlorouridine, 5-(2- 
chloroethyl)-2'-deoxyuridine, 5-ethyl-2'-deoxy uridine, 5-(l-hydroxy-2- 
chloroethyl)-2'-deoxyuridine, 5-(l-mcthoxy-2-bromoethyl)-2'-deoxyiuidine, 
5-(l-hydroxy-2-bn)mo-2-(ethoxycarbonyl)ethyl)-2'-deoxyuridine, 5-(l- 

1 5 hydroxy-2-iodo-2-(ethoxycarbonyl)ethyl)-2'-deoxyuridine, 3 -azido-2',3'- 
dideoxy-5-bromotmdine, 3'-azido-2',3'-didcoxy-5-iodouridine, 3'-azido- 
2',3'-dideoxy-5-methyluridine, 3'-fluoro-2',3'-dideoxyuridine, Ara-AC, 
pentostatin, dihydro-5-azacytidinc, sangivamycin, 6-MMPR, azacitidine, 
uridine, thymidine, cyclocytidine, triciribine or fludrabine. 

20 14. A compound according to Claim 13, wherein the drug is 

zidovudine. 

IS. A compound according to Claim 2, having the stmccural 
fomiuia 
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16. A compound according to Claim 2, having the structmal 
fonnula 






17. A compound of the fonnula 
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I? 

D-C-O-Z-O-P^ 

^Ri (Ic) 

or a phamiaceutically acceptable salt thereof^ wheiein D-C- is the residue 
of a drug having a icacrive carboxyl functional group, the carboxyl 
carbon atom of said functional group being linked, via an *0-Z-0- 
bridging group, to the phosphorus atom of the 



O ^OCHj-OCR, 



moiety; wherein Z is -aO^lene- whmin the allqrlene group contains 

15 k 

1 to 3 carbon atoms and is defined below; or Z is Q-Q cycloalkylene 
in which two adjacent ling carbon atoms are each bonded to a different 
oxygen atom in ttie -OZ-0- bridging group; Ri is Q-Q alkyl, Q-Qo aryl 
or Q-Ctt aralkyl; R2 is hydrogen, CrQ alkyl, Q-Qi aryl, C4-C, 

20 heteroaryl, Q-C, cycloalkyl, Cj-Cy cycloheteroalkyl or arallqrl; and 
R3 is selected ftom the group consisting of Q-Q alkyl; Q-Q alkenyl 
having one or two double bonds; (Q-C, cycloalkyl^CyH^r- wheccin r is 
zero, one^ two or thxee, the cycloalkyl portion being unsubstimted or 
bearing 1 or 2 CrC4 alkyl substiments on die ring portion; C5-Q0 

25 aryioxy)CrC» alkyl; 2-, 3- or 4-pyridyl; and phenyl-CiH2r- whraein r is 

zero, one, two or thxee and phenyl is unsubstituted, or is substimted by 1 
to 3 alkyl each having 1 to 4 carbon atoms, alkoxy having 1 to 4 carbon 
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atoms, halo, trifluoiomethyi, dialkylamino having 2 to 8 carbon atoms or 
alkanoylamino having 2 to 6 carbon atoms. 

18. A compound according to Claim 17, wherein R, is methyl. 

19. A compound according to Claim 17, wherein Z is -CHj- 

5 or 

CH, 

20. A compound according to Claim 17, wherein is C,-C, 

alkyl. 

21. A compound according to Claim 20, wherein R, is (CH3)jC- 
10 or CH3(CHA-. 

O 

22. A compound according to Claim 17, wherein D-C- is the 
residue of a drug having a reactive carboxyi functional group, said drug 
being selected from the group consisting of anticonvulsants, 
antineoplastics, antibiotics, diagnostics and nonsteroidal antiinflammatory 

15 agents. 

23. A compound according to Claim 22, wherein the drug is an 
antibiotic. 

24. A compound according to Claim 23, wherein the antibiotic is 
of the penicillin type. 

20 25. A compound according to Claim 24, wherein the drug is 

amoxiciUin, phenoxymetiiylpenicillin, benzylpenicillin, dicloxacillin, 
carbenicillin, oxacillin, cloxacillin, hetacillin, mediicillin, nafcillin, 
ticarcillin or epicillin. 

26. A compound of the formula 



Ra O 

^ I ii 

/^C^ O OCH-OCR3 

25 D ^N-CH-O-P 



"^C^ k "^R. (Id) 
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R2 O 

o o och-oSrj 

II 

or D-C-N-CH-O-P 



or a phaimaceutically acceptable salt thereof, wherein D ^N- is 

the residue of a drug having a reactive imide functional group and 

5 D-C-N- is the residue of a drag having a reactive amide functional group, 

the nitrogen aK)m of the imide or amide functional group being linked, 
via a -CH-O- bridging group, to the 

R2 

10 phosphoras atom of the 



O ,OC3I-OCR3 



moiety; is CrCg alkyi, C^Cio aryl or Cj-Cn arallcyl; each of the 
groups, which can be the same or different, is hydrogen, CrCg allcyl, Q- 
Cio aryl, Q-Q heteroaryl, C3-C7 cycloalkyl, C3-C7 cycloheteroalkyl or 
1 5 C12 aralkyi; and R3 is selected from the group consisting of Ci-Cg alkyl; 
Q-Cs alkenyl having one or two double bonds; (C3-C7 cycloalkyl)-CjH2r- 
wherein r is zero, one, two or three, the cycloalkyl portion being 
unsubstimted or bearing 1 or 2 CrC4 alkyl substituents on the ring 
portion; (Q-Cio aryloxy)CrCg alkyl; 2-, 3- or 4.pyTidyl; and phenyl- 
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QHjr- wherein r is zero, one, two or three and phenyl is unsubstituted, or 
is substituted by 1 tt) 3 alkyl each having 1 to 4 carbon atoms, alkoxy 
having 1 to 4 carbon atonis, halo, tiifluoromethyl, dialkylamino having 2 
to 8 carbon atonis or alkanoylamino having 2 to 6 carbon atoms. 

27. A compound according to Claim 26, wherein R, is methyl. 

28. A compound according to Claim 26, wherein Rj is hydrogen 
at each occurrence. 

29. A compound according to Claim 26, wherein R, is C,-C, 

alkyl. 

30. A compound according to Claim 29, wherein R, is (CH3)3C- 
or CHsCCHj),-. 

/ 

31. A compound according to Claim 26, wherein D N- 

or D-C-N- is the residue of a drug having a reactive imidc or amide 
R4 

functional group, said drug being selected from die group consisting of 
tranquilizers, sedatives, anticonvulsants, hypnotics, antineoplastics, 
antivirals, antibiotics, barbiturate antagonists, stimulants, antihypertensives 
and antidepressants. 

32. A compound according to Claim 31, wherein the drug is a 
tranquilizer, anticonvulsant or sedative. 

33. A compound according to Claim 32, wherein die tranquilizer, 
anticonvulsant or sedative is of tiie hydantoin-type or die barbiturate type. 

34. A compound according to Claim 33, wherein the drug is 
phenytoin, phenobarbital, amobarbital or butalbital. 

35. A compound of the formula 

O 

O O OCH,-ofiR3 

D-N-C-Oai-O-P^ 

k Ri (If) 
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or a pharmaceudcaily acceptable salt thereof, wherein D-N- is the 

R4 

residue of a drug having a reactive primaty amino or secondary amino 
functional group, the nitrogen atom of the amino 

O 

functional group being linked, via a -^-O-CH-O- bridging group, to 
the phosphorus atom of the 



O 
li 

O .OCHrOCRa 



10 moiety; Ri is CrQ alkyl, Q-Cio aryl or Q-C^ aralkyl; is hydrogen. 
CrQ alkyl, Q-Qo aryl, C4-G9 heteroaryl, Q-Q cycloalkyl, Q-Q 
cycloheteroalkyl or Cj-Cn aralkyl; and R3 is selected ftom the group 
consisting of CrCt alkyl; C2-Q alkenyl having one or two double bonds; 
(C3-C7 cycloalkyQ-CyEIjr- wherein r is zero, one, two or three, the 

15 cycloalkyl portion being unsubstimted or bearing 1 or 2 CrQ alkyl 

substituents on tihc ring portion; (Q-Qo aryloxy)CrCs allcjrl; 2-, 3- or 4* 
pyridyl; and pfaenyl-CrH2r- wherein r is zemj one, two or three and phenyl 
is unsubstituted, or is substituted by 1 to 3 alkyl each having I xo 4 
carbon aroms, alkoxy having I to 4 carbon atoms, halo, trifluoromethyl, 

20 dialkylamino having 2 to 8 carbon atoms or alkanoylamino having 2 to 6 
carbon atoms. 

36. A compound according to Claim 35, wherein Ri is methyl. 

37. A compound according to Claim 35, wherein Ra is hydrogen 
or methyl. 

25 38. A compound according to Claim 35, wherein R3 is CrQ 

alkyl. 
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39. A compound according to Claim 38, wherein R, is (CH3)3C- 
or CHaCCH,)*-. 

40. A compound according to Claim 35, wherein D-N- is the 

R4 

residue of a drug having a reactive primary amino or secondary amino 
functional group, said drug being selected from die group consisting of 
GABAergic agents, antineoplastics, cerebral stimulants, appetite 
suppressants, MAO inhibitors, tricyclic antidepressants, decongestants, 
narcotic analgesics, antivirals, neurooansmitters, small peptides of 2 to 20 
amino acid units, dopaminergic agents and antibiotics. 

41. A compound according to Claim 40, wherein die drug is an 
antiviral. 

42. A compound according to Claim 41, wherein the antiviral is 
amantadine or rimantadine. 

43. A compound according to Claim 40, wherein die drug is a 
small peptide. 

44. A compound according to Claim 43, wherein die small 
peptide is an enkephalin or an endorphin. 

45. A mcdiod for site-specifically and sustainedly delivering a 
drug species to a target organ, comprising administering to an animal in 
need of such treatment a quantity of a compound as claimed in Claim 1 
sufficient to release a pharmacologically effective amount of said drag 
species to the target organ. 

46. A method for site-specifically and sustainedly delivering a 
centrally acting drug species to die brain, comprising administering to an 
animal in need of such treatment a quantity of a conq)ound as claimed in 
Claim 1 wherein [D] is die residue of a centrally acting drug having a 
reactive functional group, said quantity being sufficient to release a 
pharmacologically effective amount of said centrally acting drag species 
to the brain. 

47. A mediod according to Qafan 45, wherein die compound is 
administered in the fonn of a pharmaceutically acceptable sustained 
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release composition or wherein the compound is administered via a route 
of administration capable of slowly releasing the compound into the body. 

48. A pharmaceudcal composition of matter, in unit dosage form, 
for use in delivering a pharmacologically effective amount of a drug 



(i) an amount of a compound as claimed in Claim 1 sufficient to 
release a pharmacologically effective amount of a drag species to the 
target organ; and 

(ii) a nontoxic pharmaceutically acceptable carrier therefor. 

49. A pharmaceutical composition of matter, in unit dosage form, 
for use in delivering a pharmacologically effective amount of a centrally 
acting drug species to the brain, said composition comprising: 

(i) an amount of a compound as claimed in Claim 1 wherein [D] 
is the residue of a centrally acting drug having a reactive functional 
group, said amount being sufficient to release a pharmacologically 
effective amount of a centrally acting drag species to the brain; and 

(ii) a nontoxic pharmaceutically acceptable carrier therefor. 

50. A pharmaceutical composition as claimed in Qaim 48, said 
composition being formulated for sustained release. 

51. A process for the preparation of a compound of formula (I) 
as claimed in 1, said process comprising reacting a phosphonic 
acid derivative of the formula 



species to a targcst organ, said composition comprising: 




wherein [D] wd Ri are as defined in Claim 1, with cesium fluoride or an 
equivalent cesium salt and a compound of the formula 



R3CO.CH.I 




wo 92/00988 



PCT/US91/04824 



-177- 



wherein Rj and R3 are as defined in Claim 1, in an organic solvent. 

52. A process for the preparation of a compound of formula (la) 
as claimed in Claim 2, said process comprising reacting a piiospiionic 
acid derivative of tlie fomiula 



.OH 



wherein D-O- and Ri are as defined in Claim 2, witii cesium fluoride or 
an equivalent cesium salt and a compound of the foimula 



R,io-CH-I 

k 

wherein and are as defined in Claim 2, in an organic solvent 
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